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Executive  Summary 


EXECUTIVE  SUMMARY 


INTRODUCTION 


The  Executive  Office  of  Energy  Resources  (EOER)  was  estab- 
lished as  a  secretariat  level  agency  of  the  Commonwealth  of 
Massachusetts  in  1979.  Its  mission  is  to  protect  the  Common- 
wealth and  its  citizens  from  energy  shortages,  economic  dislo- 
cations and  hardships  by  developing,  coordinating  and  promot- 
ing a  comprehensive  energy  program  for  Massachusetts.  EOER 
has  directed  its  programmatic  and  policy  development  efforts 
towards  reducing  Massachusetts'  vulnerability  to  energy  price 
shocks  and  supply  disruptions.  One  of  these  efforts  has  been  the 
development  of  an  independent  energy  forecasting  capability  at 
EOER  and  the  preparation  and  publication  of  this  annual  forecast 
of  energy  resources. 

In  1985,  EOER  initiated  the  State  Annual  Forecast  of  Energy 
Resources  (SAFER)  Project  to  provide  Massachusetts  with  an  in- 
dependent energy  forecasting  capability.  EOER  and  the  State 
Legislature,  which  provided  funding  for  the  project,  recognized 
that  such  a  capability  would  enhance  EOER's  ability  to  evaluate 
Massachusetts'  present  and  future  energy  needs  and  to  assess 
the  impacts  of  alternative  policies  and  new  programs  on  Massa- 
chusetts' energy  consumption,  supplies,  and  prices. 

There  are  two  major  components  of  the  SAFER  Project.  The 
first  is  the  energy  forecasting  capability  or  model  itself.  EOER  has 
been  working  to  develop  the  SAFER  model  over  the  last  two 
years,  and  continuously  works  to  refine  and  improve  it.  The 
SAFER  energy  forecasting  model  is  a  policy  model.  This  model 
structure  enables  EOER  to  evaluate  the  effects  of  various  exist- 
ing and  proposed  energy  policies  and  programs  on  a  regular 
basis. 

The  second  component  of  the  SAFER  Project  is  the  annual 
preparation  and  publication  of  a  forecast  report  of  which  this 
document,  State  Annual  Forecast  of  Energy  Resources  1987-1997: 
Fueling  the  Future,  is  the  first.  This  report  is  intended  to  be  use- 
ful to  citizens,  public  officials,  and  energy  professionals  who  are 
interested  in  reviewing  energy  trends  of  the  last  decade  and 
projections  of  where  Massachusetts'  energy  situation  is  going  in 
the  next  decade.  The  report  is  divided  into  four  chapters.  The  first 
chapter  describes  EOER  and  the  SAFER  Project.  The  second 
chapter  is  an  historical  overview  of  Massachusetts'  energy  situ- 
ation over  the  last  10  years.  The  third  chapter  contains  EOER's 
forecast  of  energy  demand  and  prices,  and  a  discussion  of 
energy  supplies  for  the  next  10  years.  In  the  last  chapter,  major 
issues  for  the  future  are  identified  and  discussed.  A  Technical 
Appendix  is  published  as  a  separate  volume. 


HISTORICAL  OVERVIEW 

There  have  been  many  changes  in  energy  markets  and  the 
energy  industry  in  Massachusetts  in  the  last  10  years.  In  the 
1970s,  OPEC-induced  price  increases  marked  the  end  of  an  era 
of  cheap  and  secure  energy  supplies  in  the  U.S.  and  set  in  mo- 


tion fundamental  changes  in  the  energy  marketplace  for  both 
consumers  and  producers.  Some  long-held  assumptions  about 
energy  supplies  and  use  came  into  question.  One  basic  conten- 
tion —  that  the  demand  for  energy  was  inelastic,  or  unresponsive 
to  price  changes  —  was  refuted  by  significant  amounts  of  price- 
induced  conservation  and  fuel  switching.  Similarly,  the  traditional 
belief  that  total  energy  demand  and  economic  growth  necessar- 
ily moved  in  tandem  was  proven  incorrect. 

In  addition,  earlier  assumptions  about  the  cost  and  availability 
of  future  energy  supplies  have  been  proven  wrong.  Domestic  oil 
and  gas  resources  were  expected  to  be  depleted  by  the  end  of 
the  century,  but  improved  technology,  increased  drilling  activity 
and  reserve  additions,  along  with  demand  reductions  and  regula- 
tory changes,  should  extend  the  fossil  fuels  reserve  base.  As- 
sumptions made  regarding  electricity  supplies  and  costs  have 
also  been  proven  incorrect  in  the  last  10  years.  It  was  once 
thought  that  nuclear  power  would  be  a  major  part  of  the  solution 
to  overdependence  on  oil.  However,  cost,  safety  factors,  environ- 
mental impacts  and  long  lead-times  associated  with  nuclear 
plants,  and  other  large,  central  station  generating  plants,  gener- 
ally have  made  many  of  them  unattractive  options  for  future  elec- 
tricity supplies.  Instead,  utilities  have  begun  to  turn  to  bulk  power 
purchases,  smaller-scale  domestic  energy  resources,  and  their 
customers  as  sources  of  more  reliable  and  lower-cost  electricity 
supplies. 


Aggregate  Trends 


Two  distinct  energy  consumption  trends  were  evident  in  the 
period  from  1976  to  1986.  From  1976  to  1983,  primary  energy  con- 
sumption —  that  is,  the  consumption  of  oil,  gas,  nuclear  and 
renewable  fuels  —  declined  in  the  Commonwealth,  driven  by  ris- 
ing energy  prices.  However,  since  1983,  as  oil  prices  fell  and  the 
Massachusetts  economy  expanded  at  a  faster  rate,  energy  con- 
sumption has  risen  by  9.4  percent.  Despite  this  recent  upward 
trend,  overall  there  has  been  a  6.5  percent  reduction  in  Massa- 
chusetts' aggregate  primary  energy  consumption  between  1976 
and  1986. 

Consumption  trends  from  1976  to  1986  varied  considerably 
among  fuels  with  reductions  in  the  amount  of  oil  and  oil  products 
consumed  outweighing  increases  in  gas,  coal  and  renewable 
energy  use.  Nuclear  energy  consumption  remained  flat,  varying 
mainly  with  the  availability  of  individual  plants. 

In  1976,  oil  represented  73  percent  of  Massachusetts'  primary 
energy  consumption.  Between  1976  and  1986  oil  use  declined  by 
27  percent,  and  by  1986  it  accounted  for  only  57  percent  of 
primary  energy  consumption.  Conservation,  efficiency  improve- 
ments, and  the  increased  use  of  other  fuels,  spurred  by  oil  price 
increases,  were  responsible  for  the  reduction  in  oil  consumption. 
Between  1976  and  1981  real  oil  prices  doubled  before  declining 
gradually  until  1985  when  they  fell  approximatly  50  percent  in  one 
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year.  Real  oil  prices  in  1986  reached  their  lowest  level  since  the 
first  oil  price  shock  in  1973. 

Over  the  last  10  years,  natural  gas  use  increased  33  percent, 
supplying  15  percent  of  Massachusetts'  primary  energy  needs  in 
1986,  up  from  10  percent  in  1976.  While  gas  prices  increased 
steadily,  doubling  since  1976,  they  have  generally  remained  at  or 
below  oil  price  levels. 

Coal  consumption  increased  dramatically  —  almost  40-fold  — 
between  1976  and  1986.  This  increase  is  largely  the  result  of  the 
conversions  of  eight  power  plants  from  oil  to  coal.  Real  coal 
prices  have  declined  over  the  last  10  years. 

Renewable  energy  consumption  also  increased  over  the  last  10 
years.  Wood  and  hydro  power  increased  43  percent  to  supply  3.2 
percent  of  primary  energy  by  1986.  The  use  of  solar  energy  dis- 
placed an  estimated  eight  million  gallons  of  oil-equivalent  fuel 
annually. 

Electricity,  which  is  produced  by  the  energy  from  oil,  gas,  coal, 
nuclear  and  renewable  fuels,  is  considered  a  secondary  energy 
source.  Its  consumption  has  increased  over  the  last  10  years,  ris- 
ing slowly  at  approximately  one  percent  per  year  from  1976  to 
1982,  and  more  rapidly  at  almost  five  percent  per  year  since 
1982.  Real  electricity  prices  increased  at  an  average  annual  rate 
of  2.6  percent  from  1976  to  1981  before  stabilizing  and  then 
declining  slightly  between  1981  and  1986. 

Sectoral  Trends 

Total  consumption  of  oil,  gas,  coal,  electricity  and  renewable 
energy  at  the  end-use  level  declined  at  an  average  annual  rate 
of  1.2  percent  between  1976  and  1986.  However,  trends  in  energy 
use  among  the  various  consuming  sectors  —  residential,  com- 
mercial, industrial,  transportation  and  electric  utility  —  differed. 

In  the  residential  sector,  energy  use  dropped  by  16  percent  be- 
tween 1976  and  1986  despite  a  14  percent  increase  in  the  num- 
ber of  households  and  a  significant  rise  in  real  personal  income. 
The  reduction  in  energy  use  occurred  primarily  in  space  heating 
where  more  efficient  furnaces,  tighter  residential  building  shells, 
and  consumer  conservation  led  to  an  overall  sectoral  decline  in 
space  heating  energy  use  of  27  percent  and,  at  the  individual 
household  level,  a  decline  of  35  percent.  Oil  consumed  for  space 
heating  declined  by  43  percent  over  the  10-year  period  while  gas 
and  electricity  consumption  remained  relatively  stable.  Coal  and 
renewable  fuels  used  for  space  heating  increased  by  157  and  72 
percent,  respectively. 

Residential  energy  demand  for  other  end-uses,  such  as  water 
heating,  clothes  drying,  air  conditioning  and  miscellaneous  elec- 
tric appliances  increased.  Water  heating  and  clothes  drying 
energy  use  increased  by  approximately  50  percent  over  the 
10-year  period  and  air  conditioning  energy  use  doubled.  Electric- 
ity use  for  refrigeration  and  other  home  electric  appliances  in- 
creased by  10  and  35  percent,  respectively. 

Energy  use  in  the  commercial  and  industrial  sectors  of  the 
economy  declined  at  average  annual  rates  of  2.1  and  1.5  percent, 
respectively,  over  the  last  10  years.  The  commercial  sector  was 


the  leading  sector  in  terms  of  reduced  energy  consumption  over 
the  decade  despite  a  31  percent  rise  in  its  real  gross  product.  In- 
dustrial energy  consumption  declined  as  a  result  of  energy  con- 
servation as  well  as  a  structural  shift  in  the  Massachusetts  econ- 
omy away  from  energy-intensive  heavy  industry  toward  less 
energy-intensive  high-technology  and  service-oriented  firms.  As 
in  the  residential  sector,  the  decline  in  commercial  and  industrial 
sector  energy  use  was  driven  by  declines  in  energy  use  for  space 
and  process  heating.  Commercial  space  heating  energy  con- 
sumption fell  by  37  percent  over  the  last  10  years  and  industrial 
process  heating  energy  use  by  24  percent.  Energy  consumption 
for  other  end-uses  increased  by  18  and  19,  respectively. 

The  changes  in  energy  consumption  patterns  in  the  transpor- 
tation sector  over  the  last  10  years  illustrate  the  point  that  energy 
conservation  does  not  have  to  mean  sacrifice  of  lifestyle  prefer- 
ences. Although  the  number  of  vehicles  and  vehicle-miles 
travelled  have  increased  by  34  and  40  percent,  respectively,  to- 
tal energy  consumption  by  motor  vehicles  has  declined  slightly. 
Fuel  and  motor  vehicle  operating  efficiency  improvements  ac- 
count for  this  trend.  The  second  largest  category  of  transporta- 
tion energy  consumption  over  the  last  decade  was  aviation  fuel. 
Its  use  increased  by  17  percent  as  the  number  of  airline  pas- 
sengers embarking  from  Massachusetts  increased  by  an  esti- 
mated 92  percent. 

Patterns  of  energy  consumption  in  the  electric  utility  sector 
have  changed  dramatically  in  the  last  10  years  driven  by  the  in- 
creases in  and  volatility  of  oil  prices.  The  combination  of  additions 
to  capacity  (a  net  increase  of  557  megawatts)  and  fuel  conver- 
sions (1800  megawatts  from  oil  to  coal  and  1500  megawatts  from 
oil  to  combination  oil/gas)  has  increased  the  fuel  diversity  of 
Massachusetts'  electric  generating  capacity.  Whereas  oil-fired 
generation  accounted  for  about  76  percent  of  generating  capac- 
ity (megawatts)  and  66  percent  of  electricity  generated  (gigawatt- 
hours)  in  1976,  by  1986  these  shares  were  43  percent  and  50  per- 
cent, respectively.  Coal-fired  capacity  increased  from  zero  to  14 
percent  of  capacity  as  a  result  of  eight  power  plant  conversions, 
accounting  for  22  percent  of  electricity  generated  by  1986. 
Generating  capacity  capable  of  burning  natural  gas  also  in- 
creased, accounting  for  less  than  one  percent  in  1976  to  about  17 
percent  in  1986.  The  amount  of  electricity  actually  generated  by 
natural  gas  has  fluctuated  as  dual  fuel  units  switch  fuels  accord- 
ing to  price  and  availability.  Nuclear  capacity  increased  from  18 
to  21  percent,  however  electricity  generated  has  varied  with  the 
availability  of  plants. 

In  addition  to  diversifying  its  generating  capacity,  the  electric 
industry  has  also  turned  to  power  purchases,  long-term  firm  ca- 
pacity contracts,  and  small  power  purchases  to  expand  the  num- 
ber of  electricity  supply  resources  serving  Massachusetts'  cus- 
tomers. While  Massachusetts  continues  to  rely  heavily  on  oil  for 
electricity  production,  the  industry  has  made  and  continues  to 
make  progress  in  reducing  this  dependence. 


Summary 

Over  the  last  10  years  Massachusetts  has  reduced  its  con- 
sumption of  energy  dramatically,  in  both  overall  terms  and  in 
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terms  of  energy  intensity.  The  reduction  in  energy  consumption 
that  has  occurred  has  reduced  Massachusetts'  reliance  on  and 
vulnerability  to  oil  imports,  and  increased  the  competitiveness  of 
the  Commonwealth's  economy.  This  reduction  has  taken  place  as 
a  result  of  the  concerted  efforts  of  individuals,  businesses,  indus- 
try and  government.  These  efforts  to  reduce  Massachusetts'  de- 
pendence on  energy  and  increase  the  competitiveness  of  its 
economy  will  continue. 

This  brief  overview  of  the  last  10  years  of  Massachusetts' 
energy  situation  illustrates  the  primary  role  played  by  oil  prices 
and  supplies.  Oil  prices  and  supply  have  had  an  impact  not  only 
in  Massachusetts'  markets  for  oil-based  products,  but  also  in 
Massachusetts'  other  major  energy  markets  —  natural  gas  and 
electricity  —  and  they  will  continue  to  have  an  impact  on  Massa- 
chusetts' energy  future.  Therefore,  Massachusetts  must  continue 
to  manage  its  reliance  on  imported  energy.  While  oil  prices  may 
be  low  today,  Massachusetts'  consumers  and  energy  industries 
cannot  rely  on  their  remaining  so.  Now  is  the  time  to  pursue  ways 
of  reducing  Massachusetts'  vulnerability  to  price  and  supply  un- 
certainties and  to  plan  for  an  energy  future  for  Massachusetts 
that  will  allow  for  flexible  responses  to  changing  circumstances. 


MASSACHUSETTS'  ENERGY 
FUTURE 

EOER's  forecast  of  Massachusetts'  energy  future  over  the  next 
10  years  is  a  view  of  what  this  energy  future  can  be.  It  is  built  on 
two  broad  lessons  that  can  be  drawn  from  the  experience  of  the 
last  10  years.  First,  as  has  been  the  goal  of  EOER,  Massachu- 
setts' energy  policy  and  development  of  future  energy  resources 
must  be  directed  toward  reducing  energy  price  and  supply  insta- 
bility. Second,  adopting  a  long-term,  least-cost  integrated  plan- 
ning perspective  is  critical  to  the  safety  and  security  of  Massa- 
chusetts' energy  future.  Such  a  perspective  will  ensure  that 
Massachusetts'  energy  policy  and  development  of  new  resources 
will  work  to  reduce  energy  price  instability  and  supply  uncertainty 
in  a  coherent,  economic  and  environmentally  sound  manner.  Only 
by  planning  for  and  securing  long-term,  least-cost  energy  sup- 
plies can  the  continued  economic  health  and  growth  of  Massa- 
chusetts be  assured. 

EOER's  View  of  the  Future  - 
Forecast  Assumptions 

Economic  Growth:  Over  the  next  10  years  the  Massachusetts 
economy  as  a  whole  is  projected  to  grow  at  an  average  annual 
rate  of  2.6  percent  in  real  terms.  An  inflation  rate  of  six  percent 
is  assumed.  For  the  next  three  years,  economic  growth  will  aver- 
age three  percent  per  year,  somewhat  higher  than  the  10-year 
average.  Between  1990  and  1997  growth  is  projected  to  average 
2.3  percent  per  year. 

Economic  growth  rates  will  vary  across  and  within  sectors.  In 
the  industrial  sector  the  average  annual  economic  growth  rate  is 
projected  to  be  3.7  percent,  with  the  high-technology  industries 


continuing  to  grow  rapidly.  Commercial  sector  growth  is  projected 
to  continue  to  remain  strong,  increasing  at  an  average  annual 
rate  of  over  three  percent  through  1989,  then  slowing  somewhat 
to  achieve  a  10-year  average  annual  growth  rate  of  2.3  percent. 
Residential  sector  growth,  which  can  be  interpreted  as  personal 
income  growth,  is  projected  to  continue  at  an  average  annual  rate 
of  2.9  percent  through  1997 

Fossil  Fuel  Prices:  In  addition  to  an  economic  forecast,  an 
exogenous  forecast  of  wellhead  and  mine  mouth  fossil  fuel  prices 
has  been  used  to  develop  EOER's  energy  forecast.  According  to 
this  forecast,  the  prices  of  oil,  natural  gas  and  coal  will  increase 
at  average  annual  rates  of  8.9,  10.7  and  2.2  percent,  respectively, 
between  1986  and  1997  Throughout  the  10-year  period,  wellhead 
oil  prices  remain  higher  than  wellhead  gas  prices. 

Policies:  For  this  forecast  report,  EOER  has  explicitly  modeled 
a  scenario  based  upon  three  policies,  and  qualitatively  assessed 
a  fourth.  Two  of  the  three  policies  which  were  explicitly  modeled 
are  already  in  place:  state  and  national  appliance  efficiency  stan- 
dards and  state  building  code  revisions.  The  third  policy  —  man- 
datory time-of-use  (TOU)  rates  for  electricity  —  is  one  whose  im- 
plementation (or  the  implementation  of  policies  with  equivalent 
impacts)  EOER  considers  likely.  The  fourth  policy  —  Massachu- 
setts' new  PURPA  regulations  —  has  already  begun  to  be  im- 
plemented and  is  discussed  generally.  Other  policies  and  pro- 
grams, not  yet  considered,  are  likely  to  be  implemented  over  the 
next  10  years.  Subsequent  annual  forecast  reports  will  update 
and  further  analyze  EOER's  view  of  Massachusetts'  energy  future. 


Aggregate  Trends 

Given  the  assumptions  and  impacts  of  the  policies  described 
above,  total  primary  energy  consumption  in  Massachusetts  over 
the  next  decade  is  expected  to  remain  near  1986  levels  despite 
a  much  higher  level  of  economic  activity  in  the  Commonwealth. 
(The  projected  gross  state  product  for  1997  is  35  percent  above 
that  recorded  in  1986  in  constant  dollars.)  The  energy  intensity  of 
the  Massachusetts  economy,  measured  by  dividing  the  Com- 
monwealth's energy  consumption  by  the  gross  state  product,  is 
expected  to  continue  to  decline.  In  1986,  Massachusetts  used  70 
percent  of  the  energy  required  in  1976  to  produce  a  dollar's  worth 
of  product,  while  in  1997  the  Commonwealth  will  need  only  55 
percent  of  that  amount  of  energy  to  produce  an  equivalent 
amount  of  product. 

The  combined  impact  of  the  anticipated  appliance  efficiency 
standards,  building  code  standards  and  TOU  rates  is  expected  to 
lower  Massachusetts'  energy  consumption  in  1997  by  4.3  percent, 
the  equivalent  of  10.5  million  barrels  of  oil,  compared  with  what 
it  is  projected  to  be  with  no  standards  or  rates.  Over  the  period 
from  1988,  when  some  standards  begin  to  go  into  effect,  through 
1997,  the  Commonwealth  will  save  a  total  of  403  TBTUs.  These 
projected  energy  savings  translate  into  savings  to  energy  con- 
sumers of  $1.77  billion  in  current  dollars  or  $536  million  in  1975 
dollars  in  terms  of  reduced  energy  costs  over  that  period. 

The  share  of  various  fuels  in  meeting  aggregate  Massachusetts 
energy  demand  is  expected  to  shift  significantly  over  the  1986  to 
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1997  period,  with  natural  gas,  and  to  a  lesser  extent  electricity, 
registering  gains  in  market  share,  primarily  at  the  expense  of  oil. 
Oil  consumption  in  Massachusetts  in  expected  to  decline  at  an 
average  annual  rate  of  1.6  percent  between  1986  and  1997, 
however,  oil  will  remain  the  dominant  type  of  fuel  consumed  in 
Massachusetts,  accounting  for  an  estimated  52  percent  of  the 
primary  energy  consumed  by  the  Commonwealth  in  1997 

The  demand  for  natural  gas  is  forecasted  to  rise  at  an  average 
annual  rate  of  3.2  percent  over  the  1986  to  1997  period.  Thus,  by 
1997,  total  energy  demand  for  gas  in  Massachusetts  is  projected 
to  be  approximately  one-third  higher  than  at  present.  This  growth 
in  gas  demand  is  expected  to  take  place  primarily  in  the  residen- 
tial, commercial  and  electric  utility  sectors  as  a  result  of  increased 
use  of  gas  for  space  heating  and  the  construction  of  several  gas- 
fired  generating  plants. 

The  demand  for  coal  in  Massachusetts,  94  percent  of  which  is 
currently  accounted  for  by  electric  utilities,  is  projected  to  fall 
somewhat  between  1986  and  1997,  with  annual  variations  occur- 
ring primarily  in  relation  to  the  availability  of  non-coal-fired  power 
plants.  The  primary  concern  regarding  future  coal  consumption 
in  the  Commonwealth  is  environmental;  coal  supply  and  prices 
are  expected  to  remain  advantageous  relative  to  other  fuels. 

The  use  of  renewable  resources  for  electricity  generation  is  ex- 
pected to  increase  significantly  over  the  next  10  years  as  a  result 
of  the  expected  growth  in  the  number  of  small  power  producers, 
while  residential  use  of  renewable  energy  for  space  and  water 
heating  is  expected  to  remain  fairly  constant,  barring  sudden  and 
sustained  increases  in  oil  prices. 

With  the  projected  implementation  in  1988  of  appliance  effi- 
ciency and  building  code  standards  and  TOU  rates,  Massachu- 
setts' annual  demand  for  electricity  is  forecasted  to  grow  at  an 
average  annual  rate  of  1.7  percent  through  1997  Peak  demand 
for  electricity  is  estimated  to  increase  at  an  average  annual  rate 
of  1.2  percent.  Electricity  prices  in  Massachusetts  are  expected 
to  remain  fairly  stable  in  constant  dollar  terms  through  1997,  as 
higher  costs  for  fuel  inputs  and  overhead  are  offset  somewhat  by 
the  impact  of  new  power  plants  coming  on-line  whose  costs  are 
less  than  average  system  costs. 


Sectoral  Trends 

Total  consumption  of  oil,  gas,  coal,  electricity  and  renewable 
energy  at  the  end-use  level  is  projected  to  remain  fairly  level, 
growing  at  a  0.1  percent  average  annual  rate  through  1997 

Residential  sector  energy  consumption  is  projected  to  increase 
at  an  average  annual  rate  of  1.1  percent  over  the  next  10  years. 
Oil  is  expected  to  continue  to  lose  market  share  to  gas  and  elec- 
tricity with  its  consumption  declining  at  an  average  annual  rate 
of  0.1  percent.  Natural  gas  consumption  is  projected  to  increase 
at  a  2.2  percent  average  annual  rate.  Coal  and  electricity  con- 
sumption will  grow  steadily  at  average  annual  rates  of  2.3  and  1.8 
percent,  respectively,  while  renewable  energy  consumption  is 
projected  to  remain  constant. 


At  the  end-use  level,  overall  residential  energy  consumption  for 
space  heating  will  increase  slightly  due  to  an  increase  of  29  per- 
cent in  the  number  of  households,  while  individual  household 
level  consumption  will  decline.  Natural  gas  and  electric  space 
heating  will  increase  at  average  annual  rates  of  2.4  and  three 
percent,  respectively,  offsetting  a  slight  decline  in  oil  space 
heating. 

Residential  energy  consumption  for  water  heating,  cooking, 
clothes  drying,  air  conditioning  and  miscellaneous  electric  appli- 
ances will  also  increase  over  the  next  10  years.  Water  heating 
and  cooking  energy  use  are  projected  to  increase  at  average  an- 
nual rates  of  1.4  and  1.9  percent,  respectively,  air  conditioning 
and  clothes  drying  at  rates  of  five  percent  per  year,  and  other 
electric  end-uses  by  about  two  percent  per  year. 

Residential  energy  prices  are  generally  expected  to  rise  over 
the  next  10  years.  Oil  prices  for  households  will  increase  most 
rapidly,  growing  at  an  average  annual  rate  of  3.8  percent  annu- 
ally; natural  gas  prices  will  rise  at  an  average  rate  of  2.6  percent 
per  year,  and  coal  prices  at  0.7  percent  per  year.  The  constant 
dollar  price  of  electricity  will  effectively  remain  unchanged  during  . 
the  forecast  period. 

Appliance  efficiency  and  building  code  standards  will  have  a 
significant  impact  on  residential  energy  consumption.  By  1997,  it 
is  estimated  that  these  measures  will  reduce  total  residential  de- 
mand by  6.3  TBTUs  annually,  or  about  two  percent.  Residential 
electricity  and  gas  use  are  lowered  by  six  and  1.3  percent, 
respectively,  while  oil  use  is  decreased  by  less  than  one  percent. 

Commercial  sector  energy  consumption  will  increase  at  an 
average  annual  rate  of  0.6  percent  from  1986  to  1997  Oil  con- 
sumption will  decline  slightly  while  gas  and  electricity  consump- 
tion will  increase  at  average  annual  rates  of  2.6  and  0.9  percent, 
respectively.  Appliance  efficiency  standards,  the  proposed  1992 
lighting  code  and  TOU  rates  are  projected  to  significantly  affect 
electricity  use  in  this  sector,  reducing  consumption  by  834  GWH 
and  peak  demand  by  652  MW  by  1997 


Commercial  space  heating  demand  is  projected  to  grow  at  an 
average  annual  rate  of  0.2  percent  through  1997,  while  water  heat- 
ing and  cooking  energy  consumption  are  projected  to  increase  at 
rates  of  1.3  and  1.6  percent,  respectively.  Commercial  sector  elec- 
tricity consumption  for  lighting,  air  conditioning,  refrigeration  and 
miscellaneous  devices  will  increase  at  average  rates  of  between 
0.4  and  1.5  percent  per  year. 

Forecasts  show  increasing  delivered  energy  prices  for  the 
commercial  sector  over  the  next  10  years.  Prices  for  oil  and  gas 
are  estimated  to  increase  the  most,  going  up  by  57  and  34  per- 
cent, respectively,  in  real  terms.  Prices  for  coal  and  electricity  ,1 
show  only  modest  growth. 

Industrial  energy  consumption  is  projected  to  increase  at  an 
average  annual  rate  of  1.1  percent  over  the  1986  to  1997  period. 
Demand  for  all  four  major  industrial  fuels  —  oil,  natural  gas,  elec- 
tricity and  coal  —  is  expected  to  rise  in  the  future.  Electricity,  and 
to  a  lesser  extent  coal,  will  gain  market  share.  Oil,  however,  will 
maintain  a  share  of  slightly  more  than  50  percent  of  the  total 
amount  of  energy  consumed  by  the  sector  through  1997.  Oil  con- 
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sumption  will  increase  at  an  average  annual  rate  of  0.5  percent, 
gas  at  a  rate  of  0.4  percent,  and  coal  and  electricity  at  rates  of  3.2 
percent  each. 

Process  heating  accounts  for  71  percent  of  total  industrial  fuel 
consumption,  and  93  and  83  percent  of  industrial  oil  and  gas  use, 
respectively.  Process  heating  energy  demand  is  expected  to  re- 
main fairly  flat  through  1997,  whereas  industrial  demand  for  elec- 
tricity is  expected  to  increase  by  approximately  one-third  between 
1986  and  1997,  driven  in  part  by  growth  in  the  high-technology  in- 
dustries which  tend  to  be  more  electricity-intensive  than  other  in- 
dustries. 

Energy  consumption  in  the  transportation  sector  is  expected  to 
decline  by  a  total  of  15  percent  over  the  1986  to  1997  period.  In 
part  this  is  the  result  of  unusually  high  consumption  in  1986  due 
to  low  oil  prices.  The  expected  return  of  higher  oil  prices,  together 
with  improved  fuel  use  efficiencies  as  the  result  of  consumer 
preferences,  techological  progress  and  government  regulation, 
are  the  major  factors  behind  the  anticipated  drop  in  overall  energy 
use  by  this  sector. 


Supply 


Electricity 

Utility-owned  generation  is  expected  to  remain  the  predominant 
source  of  Massachusetts'  electricity  supplies  over  the  next  10 
years,  although  its  share  is  expected  to  decline  from  about  90  to 
78  percent  (including  pumped  storage)  by  1997.  Firm  purchase 
contracts  will  constitute  a  larger  percentage  of  effective  generat- 
ing capacity  in  the  early  1990s  but  are  projected  to  fall  by  1997 
to  a  level  slightly  below  where  they  stand  today.  Small  power 
generation's  contribution  to  capacity  is  expected  to  grow  substan- 
tially in  the  next  10  years  from  just  over  one  percent  in  1986  to 
almost  nine  percent  by  1997  Short-term  purchases  through 
NEPOOL  will  vary  considerably  over  the  next  10  years,  affected 
by  the  availability  of  power,  the  implementation  of  TOU  rates, 
adoption  of  the  proposed  1992  commercial  building  code,  im- 
plementation of  utility  conservation  and  load  management  pro- 
grams, and  greater  development  of  small  power  and  cogenera- 
tion  resources. 

Massachusetts'  electric  utilities  have  already  planned  for  988 
MW  of  additions  to  generating  capacity  in  the  next  10  years,  in- 
cluding several  combined  cycle  or  gas  turbine  units  proposed  by 
the  utilities  and  independent  power  producers,  and  three  small 
utility-owned  hydro  projects.  Another  major  addition  to  the  Com- 
monwealth's electricity  supplies  will  be  Hydro  Quebec  Phase  II, 
which  will  provide  the  equivalent  of  550  MW  of  capacity  to 
Massachusetts'  utilities  beginning  in  1991.  During  the  next  few 
years,  electricity  supplies  will  also  increase  as  a  result  of  firm 
power  purchase  agreements  entered  into  by  several  Massachu- 
setts companies  for  excess  capacity  offered  by  other  New  Eng- 
land companies. 

Perhaps  the  most  important  change  in  Massachusetts'  electric- 
ity supply  picture  over  the  next  10  years,  however,  will  be  the 


realization  of  a  substantial  portion  of  the  now  untapped  potential 
for  conservation  and  load  management.  Massachusetts'  utilities 
are  just  now  beginning  to  move  from  the  pilot  or  demonstration 
project  stage  to  full-scale  implementation  of  their  conservation 
and  load  management  programs.  Results  of  programs,  both  with- 
in Massachusetts  and  in  other  areas  with  more  mature  programs 
in  place,  indicate  that  conservation  is  a  very  cost-effective  elec- 
tricity supply  source. 

In  summary,  Massachusetts'  electricity  supplies  will  increase  by 
14  percent  over  the  next  10  years  if  all  the  planned  additions  to 
generating  capacity,  firm  contracts,  and  small  power  purchases 
discussed  above  are  made.  During  this  same  period  EOER's 
analysis  indicates  that  the  state's  utilities  will  need  to  begin  plan- 
ning for  approximately  2000  MW  of  additional  electricity  supplies 
to  be  available  in  the  1998  to  2002  time  period.  The  Common- 
wealth's policy  is  that  utilities  should  use  a  least-cost  integrated 
planning  process  to  choose  among  the  variety  of  resource  op- 
tions available  to  meet  future  electricity  needs.  This  policy  is  now 
being  formalized  in  several  regulatory  and  energy  policy-making 
forums. 

Short-Term  Needs  and  Contingencies:  Recent  revisions  to 
electricity  demand  forecasts  at  the  regional  level  and  the  fact  that 
planned  resources  have  not  been  available  as  projected  by  the 
utilities  have  led  to  a  tight  electricity  supply  situation  for  both 
Massachusetts  and  New  England  in  the  near-term.  The  utilities, 
with  the  urging  of  state  energy  policy  and  regulatory  agencies, 
have  recently  begun  to  address  these  contingencies  and  to  plan 
for  short-term  needs. 


Oil 

Oil  is  the  predominant  form  of  energy  consumed  in  Massachu- 
setts at  present  and  is  expected  to  continue  in  this  role  for  the 
foreseeable  future.  The  oil  supply  situation  in  Massachusetts 
generally  mirrors  broader  trends  in  the  world  oil  market,  although 
local  developments  can  also  take  on  significance,  particularly  dur- 
ing extended  winter  cold-snaps. 

While  recent  low  oil  prices  have  been  a  boon  for  energy  con- 
sumers in  Massachusetts  and  elsewhere,  the  resulting  trends  in 
terms  of  increasing  oil  import  levels  and  lower  domestic  produc- 
tion are  of  considerable  concern.  Specifically,  U.S.  oil  production 
dropped  by  three  percent  in  1986,  while  oil  imports  rose  by  about 
1.2  million  barrels  per  day,  or  27  percent. 

These  supply  trends  are  expected  to  continue.  According  to  the 
U.S.  Department  of  Energy's  latest  projections,  U.S.  crude  produc- 
tion is  expected  to  fall  by  two  to  four  million  barrels  per  day  from 
current  levels  by  the  year  2000.  The  reasons  for  this  decline  in- 
clude a  sharp  drop  in  domestic  exploration  and  drilling  activities, 
the  relatively  low  probability  of  large  new  discoveries  in  the  U.S., 
the  high  cost  of  U.S.  production  and  consequent  shutttng-in  of 
some  wells,  and  the  high  degree  of  uncertainty  over  future  oil 
price  levels.  These  trends  imply  that  if  Massachusetts'  oil  con- 
sumption remains  level,  it  will  become  more  dependent  on  im- 
ported oil  in  the  future.  Most  of  these  incremental  imports  are  ex- 
pected to  come  from  Middle  Eastern  OPEC  nations.  Thus, 
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developments  in  the  world  oil  market  will  continue  to  have  impor- 
tant implications  for  the  Commonwealth's  energy  security,  and  for 
the  continued  prosperity  of  the  state's  economy  and  the  welfare 
of  its  population. 

Massachusetts,  with  little  direct  control  over  the  supply  of  oil  it 
consumes,  can  best  reduce  its  vulnerability  to  potential  supply 
disruptions  by  continuing  to  encourage  conservation  and  supply 
diversification  within  the  Commonwealth  as  well  as  by  supporting 
appropriate  legislation  at  the  national  level. 


Natural  Gas 

The  demand  for  natural  gas  in  Massachusetts  and  surround- 
ing states  is  expected  to  grow  significantly  over  the  next  10  years. 
In  order  to  serve  this  new  demand,  a  number  of  projects  to  sup- 
ply New  England  with  additional  quantities  of  firm  pipeline  gas 
have  been  proposed.  These  include  proposals  to  further  upgrade 
the  capacity  of  the  two  pipeline  systems  currently  serving  the 
region  as  well  as  proposals  to  lay  entirely  new  pipelines.  Many  of 
these  proposals  were  presented  to  the  Federal  Energy  Regulatory 
Commission  (FERC)  through  January  15,  1988  under  the  so- 
called  "open  season"  for  proposals  for  pipeline  projects  to  serve 
the  northeast  U.S. 

Among  the  projects  of  particular  interest  to  Massachusetts  are 
Boundary  Phase  II  and  the  Portland  Pipeline,  which  recently 
received  FERC  approval  and  will  be  delivering  moderate  amounts 
of  new  Canadian  gas  supplies  this  winter.  If  approved,  other  pro- 
posed projects,  including  the  Champlain  Pipeline  and  the  NO- 
REX  Project,  would  substantially  increase  shipments  of  Canadian 
gas  to  the  Commonwealth  within  the  next  few  years. 

Most  of  the  proposed  projects  would  bring  domestic  or  Cana- 
dian gas  to  the  Northeast.  In  the  longer  run,  gas  from  offshore 
Nova  Scotia  may  be  delivered  to  New  England  as  well.  This 
however,  will  likely  have  to  await  higher  gas  prices  and  further 
proof  of  reserve  quantities  before  becoming  commercially 
feasible. 

It  should  be  emphasized  that  the  construction  of  most  of  the 
projects  now  being  considered  is  by  no  means  assured.  Some  of 
the  projects  are  competing  with  others  for  the  same  market. 
Moreover,  any  of  a  number  of  factors,  including  lower  oil  and  gas 
prices,  political  opposition,  or  a  lack  of  anticipated  growth  in  elec- 
tric utility  sector  gas  consumption  could  either  delay  or  cancel 
many  of  these  projects.  It  has  generally  been  EOER's  policy  to 
encourage  the  development  of  new  pipeline  supplies. 


Coal  and  Renewable  Energy 

Coal  is  the  most  abundant  and  cheapest  form  of  fossil  fuel  in 
the  U.S.  and  is  the  only  major  fuel  for  which  U.S.  exports  exceed 
imports.  Thus,  supply  is  not  likely  to  constrain  the  use  of  coal  in 
Massachusetts  for  the  foreseeable  future.  Rather,  constraints  are 
much  more  likely  to  emerge  on  the  demand  side,  where  valid  en- 
vironmental concerns  may  limit  the  use  of  coal. 


The  development  of  renewable  energy  sources,  including 
wood,  solar,  particularly  photovoltaics,  hydro  and  wind,  is  sup- 
ported by  EOER  as  part  of  its  overall  policies  to  reduce  the  de- 
pendence of  the  Commonwealth  on  imported  fuels  and  to  en- 
courage the  use  of  alternative  energy  sources  which  foster  growth 
while  protecting  the  environment.  The  extent  to  which  these 
resources  will  be  developed  will  depend  largely  on  the  price  of 
conventional  fuels,  federal  and  state  incentives  to  encourage  their 
use,  and  continued  technological  progress. 


CONCLUSION 

The  changes  in  energy  markets  and  the  energy  industry  in 
Massachusetts  that  took  place  in  the  1970s  and  early  1980s  will 
continue  to  have  an  impact  on  Massachusetts'  energy  future. 
While  the  Massachusetts  economy  and  the  energy  industries 
which  serve  it  have  made  great  strides  in  the  last  few  years  in 
adapting  to  changed  circumstances  with  respect  to  energy  prices 
and  supplies,  the  adaptation  is  by  no  means  complete.  The  ex- 
tent to  which  the  Massachusetts  economy  will  continue  to  grow 
will  depend,  in  large  part,  on  how  effectively,  flexibly  and  effi- 
ciently it  copes  with  continued  energy  price  volatility  and  supply 
uncertainties. 


EOER  has  summarized  the  conclusions  of  its  analysis  as 
follows. 

1.  The  Massachusetts  economy  can  continue  to  grow  and 
prosper  while  using  less  energy. 

2.  While  overall  oil  dependence  has  decreased,  further  fuel 
diversification  is  desirable  given  the  volatility  of  oil  prices 
and  supply. 

3.  New  expanded  sources  of  pipeline  gas  are  absolutely  es- 
sential for  the  increasing  electricity  and  space  heating  re- 
quirements of  the  growing  Massachusetts  economy. 

4.  Additions  to  future  electricity  supplies  must  be  made  within 
a  least-cost  integrated  planning  framework  that  takes  into 
account  environmental  costs,  as  well  as  considerations  of 
system  security,  diversity  and  flexibility.  The  least-cost  in- 
tegrated planning  process  must  also  be  expanded  to  other 
energy  sources  to  ensure  that  all  of  Massachusetts'  future 
energy  supplies  are  developed  in  an  environmentally 
responsible  manner  and  at  the  lowest  possible  cost. 

5.  Efficiency  standards  and  the  investments  they  require  work. 
Standards  should  be  constantly  reviewed  and  revised  in 
scope  and  degree  to  reflect  changing  circumstances  in 
energy  markets. 

6.  The  deregulation  that  has  already  taken  place  in  segments 
of  most  energy  markets  is  creating  greater  uncertainty  but 
simultaneously  offers  the  opportunity  for  greater  efficiency 
in  the  acquisition  and  use  of  new  supplies,  and  lower  prices 
for  these  supplies  than  would  have  been  the  case  absent 
deregulation. 
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7.  State  and  federal  regulatory  frameworks  need  to  continue  to 
be  updated  to  reflect  new  market  conditions. 

8.  Environmental  considerations  will  play  a  larger  and  larger 
role  in  the  development  of  future  energy  supplies.  They 
must  be  incorporated  into  energy  supply  planning  processes 
in  a  systematic  manner. 


Chapter  1 
INTRODUCTION 
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THE  EXECUTIVE  OFFICE  OF 
ENERGY  RESOURCES  -  GOALS 

The  Executive  Office  of  Energy  Resources  (EOER)  was  estab- 
lished as  a  secretariat  level  agency  of  the  Commonwealth  in  1979. 
Its  mission  is  to  protect  the  Commonwealth  and  its  citizens  from 
energy  shortages,  economic  dislocations  and  hardships  by  de- 
veloping, coordinating  and  promoting  a  comprehensive  energy 
program  for  the  Commonwealth  through: 

•  reducing  the  dependence  of  the  Commonwealth  and  its 
citizens  on  costly  imported  and  conventional  energy  sources; 

•  promoting  energy  conservation  and  efficiency; 

•  encouraging  the  use  of  alternative  and  renewable  energy 
sources  which  foster  economic  growth,  while  protecting  the 
environment;  and 

•  enhancing  the  economic  development  of  alternative  energy 
and  energy  conservation-related  industries. 

To  accomplish  this  mission,  EOER: 

•  administers  state  and  federally  funded  energy  conservation 
programs  in  the  residential,  commercial,  industrial  and  trans- 
portation sectors  to  achieve  energy  and  cost  savings; 

•  aggressively  promotes  energy  conservation  within  the  Com- 
monwealth's public  sector  by  developing  energy  improvements 
in  public  buildings; 

•  encourages  the  development  of  additional  viable  alternative 
energy  resource  systems  in  the  public  and  private  sectors; 

•  promotes  development  of  clear  and  consistent  energy  policies 
in  the  Commonwealth  through  a  coordinated  approach  to 
energy  planning  with  other  state  and  federal  agencies; 

•  improves  the  Commonwealth's  ability  to  determine  the  best 
future  energy  supply  options  and  to  implement  policies  to  en- 
sure their  development  through  regional  electricity  supply 
planning  activities,  development  and  publication  of  an  annual 
forecast  of  energy  resources,  and  promotion  of  a  comprehen- 
sive nuclear  policy  for  the  Commonwealth; 

[•  maintains  energy  data  and  information  management  capabil- 
ities to  aid  in  energy  planning  and  decision-making; 

;»  directs  the  Massachusetts  Photovoltaic  Center  to  promote  pho- 
tovoltaics  and  the  Commonwealth's  photovoltaic  industries; 

;»  performs  public  outreach  to  achieve  greater  public  awareness 
of  the  Commonwealth's  energy  issues,  policies  and  programs; 

j»  provides  technical  assistance  to  promote  the  development  of 
economically  and  environmentally  suitable  power  supplies  in 
the  Commonwealth;  and 

|  houses  the  Energy  Facilities  Siting  Council  (EFSC),  a  regula- 
tory agency  that  reviews  gas  and  electric  utilities'  forecasts  of 
demand  and  supply  and  proposals  to  construct  major  energy 
facilities  in  the  Commonwealth. 


In  practice,  EOER's  overall  mission  has  been  to  bring  long-term 
stability  to  energy  supplies  and  prices  in  the  Commonwealth  by 
reducing  the  Commonwealth's  vulnerability  to  potential  energy 
supply  disruptions  and  price  shocks.  Due  to  its  geographic  loca- 
tion, climate,  and  lack  of  conventional  energy  resources,  Massa- 
chusetts has  been  at  a  competitive  disadvantage  with  respect  to 
energy  prices  and  supplies.  While  these  three  factors  cannot  be 
altered,  EOER  has  focused  on  efforts  to  promote  energy  effi- 
ciency and  supply  diversity,  thereby  enhancing  Massachusetts' 
competitiveness,  and  minimizing  the  energy  price  and  supply  un- 
certainties which  historically  have  plagued  its  businesses  and 
residents. 

Absent  technological  breakthroughs,  Massachusetts  will  not 
enjoy  "low"  or  "average"  energy  prices  relative  to  the  rest  of  the 
nation  in  the  next  10  years.  Given  this,  EOER  has  focused  on 
another  aspect  of  the  energy  market:  stability,  specifically,  sup- 
ply and  price  stability.  Energy  consumers  can  cope  much  more 
effectively  with  the  known  than  with  the  unknown.  While  high 
energy  prices  may  be  an  enduring  reality  for  Massachusetts' 
economy,  rapidly  fluctuating  prices  are  a  much  more  difficult  fac- 
tor to  which  consumers  can  respond. 

Closely  related  to  price  stability  is  supply  stability.  Any  short- 
term  supply  tightness  in  energy  can  precipitate  rapid  increases 
in  prices  or  "price  spikes".  While  Massachusetts  has  not  had  an 
actual  fuel  supply  shortage  since  the  natural  gas  supply  interrup- 
tion of  1981,  a  combination  of  low  oil  inventories  and  a  sudden 
cold  spell  could  potentially  cause  a  short-term  spike  in  fuel  oil 
prices.  Similarly,  low  availability  of  electric  generation  leads  to 
greater  use  of  the  most  expensive  and  least  efficient  generators 
at  peak,  increasing  prices  to  consumers. 

Supply  uncertainties  also  contribute  to  price  instability  and  add 
to  the  burden  which  chronic  high  prices  impose  on  the  economy. 
Uncertainty  about  the  adequacy  of  supplies  can  lead  to  invest- 
ments which  are  not  economic  in  the  long-term  to  acquire  addi- 
tional supplies  to  meet  short-term  needs.  Energy  sources  which 
can  be  tapped  quickly  may  be  acquired  at  the  expense  of  invest- 
ment in  longer-term,  lesser-cost  supplies.  In  the  natural  gas  in- 
dustry, large  supplemental  fuels  purchases  may  continue  instead 
of  investment  in  additional  natural  gas  transportation  capacity.  In 
the  electric  industry,  construction  of  short  lead-time  generating 
plants  (e.g.,  combustion  turbines)  with  high  operating  costs  may 
substitute  for  investment  in  comprehensive  conservation 
opportunities. 

EOER  has  directed  its  programmatic  and  policy  development 
efforts  towards  reducing  Massachusetts'  vulnerability  to  energy 
price  shocks  and  supply  disruptions.  One  of  these  efforts  has 
been  the  development  of  an  independent  energy  forecasting 
capability  at  EOER  and  the  preparation  and  publication  of  this 
annual  forecast  of  energy  resources. 
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THE  STATE  ANNUAL  FORECAST 
OF  ENERGY  RESOURCES 
(SAFER)  PROJECT 

Description  of  the  SAFER  Project 

In  1985,  the  Executive  Office  of  Energy  Resources  initiated  the 
State  Annual  Forecast  of  Energy  Resources  (SAFER)  Project  to 
provide  Massachusetts  with  an  independent  energy  forecasting 
capability.  EOER  and  the  State  Legislature,  which  provided  fund- 
ing for  the  project,  recognized  that  such  a  capability  would  en- 
hance EOER's  ability  to  evaluate  Massachusetts'  present  and  fu- 
ture energy  needs.  In  addition,  a  forecasting  capability  would 
greatly  improve  EOER's  policy  development  and  planning  capa- 
bilities by  allowing  EOER  to  assess  the  impacts  of  alternative 
policies  and  new  programs  on  Massachusetts'  energy  consump- 
tion, supplies,  and  prices. 

There  are  two  major  components  of  the  SAFER  Project.  The 
first  is  the  energy  forecasting  capability  or  model  itself.  EOER  has 
been  working  to  develop  the  SAFER  model  over  the  last  year  and 
a  half,  and  continuously  works  to  refine  and  improve  it.  As  part 
of  the  refinement  process,  input  and  comments  are  solicited  from 
the  energy  industry  and  consumers  through  four  public  advisory 
groups.  These  groups  have  been  established  to  focus  on  tech- 
nical forecasting  issues,  natural  gas,  conservation  and  load 
management,  and  cogeneration  and  small  power. 

Given  EOER's  mission  to  promote  a  comprehensive  energy 
program  for  the  Commonwealth,  the  SAFER  energy  forecasting 
model  is  a  policy  model.  This  model  structure  enables  EOER  to 
evaluate  the  effects  of  various  existing  and  proposed  energy  poli- 
cies and  programs  on  a  regular  basis.  This  evaluation  will  affect 
which  policies  EOER  will  choose  to  pursue  which  will  in  turn  af- 
fect Massachusetts'  energy  situation.  Thus,  the  SAFER  forecast- 
ing model  provides  EOER  with  a  valuable  analytic  tool  that  is 
used  not  only  to  forecast  Massachusetts'  energy  future  but  also 
to  help  shape  it.  (A  detailed  discussion  of  the  SAFER  forecasting 
model  can  be  found  in  the  Technical  Appendix  published  as  a 
companion  volume  to  this  report.) 

The  second  major  component  of  the  SAFER  Project  is  the  an- 
nual preparation  and  publication  of  a  forecast  report  of  which  this 
document,  State  Annual  Forecast  of  Energy  Resources  1987-1997: 
Fueling  the  Future,  is  the  first.  Each  report  will  present  EOER's 
energy  forecast,  or  view  of  the  future,  in  a  form  readily  access- 
ible to  members  of  the  energy  community  and  the  public.  Input 
and  comments  are  solicited  from  interested  members  of  the 
energy  industry  and  the  public  in  the  process  of  preparing  the 
reports.  Ultimately,  the  annual  forecast  reports  are  intended  to 
promote  greater  public  awareness  of  energy  issues  and  the  Com- 
monwealth's energy  policies  and  programs. 


The  First  Report  —  State  Annual 
Forecast  of  Energy  Resources 
1987-1997:  Fueling  the  Future 

This  report,  State  Annual  Forecast  of  Energy  Resources 
1987-1997:  Fueling  the  Future,  is  intended  to  be  useful  to  citizens, 
public  officials,  and  energy  professionals  who  are  interested  in 
reviewing  energy  trends  of  the  last  decade  and  projections  of 
where  Massachusetts'  energy  situation  is  going  in  the  next  de- 
cade. It  is  also  designed  to  serve  as  a  reference  document,  with 
graphs  and  tables  of  annual  historical  data  on  energy  consump- 
tion and  prices,  projections  of  future  energy  consumption  and 
prices,  and  discussions  of  future  energy  supply  sources.  The 
report  is  divided  into  three  major  chapters  that  follow.  A  Techni- 
cal Appendix  is  published  in  a  separate  companion  volume. 

Chapter  2  is  an  historical  overview  of  Massachusetts'  energy 
situation  for  the  last  10  years.  It  contains  descriptions  of  aggre- 
gate and  sectoral  trends  in  demand  and  prices  over  the  10-year 
period  and  a  summary  section  drawing  conclusions  about  what 
the  trends  of  the  last  10  years  mean  for  the  future. 

Chapter  3  contains  EOER's  forecast  of  energy  demand,  prices 
and  supplies  for  the  next  10  years.  It  includes  a  discussion  of 
EOER's  view  of  the  future,  forecasts  of  aggregate  and  sectoral 
trends  in  energy  consumption  and  prices,  and  descriptions  of 
future  energy  supplies. 

In  Chapter  4,  major  issues  for  the  future  are  identified,  their  im- 
plications discussed,  and  recommendations  for  action  proposed. 
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INTRODUCTION  -  SETTING  THE 
STAGE 

There  have  been  many  changes  in  energy  markets  and  the 
energy  industry  in  Massachusetts  in  the  last  10  years,  reflecting 
changes  that  have  taken  place  at  the  international  and  national 
levels.  The  1973  oil  embargo  and  the  concomitant  OPEC  (Organi- 
zation of  Petroleum  Exporting  Countries)  induced  price  increases 
marked  the  end  of  an  era  of  cheap  and  secure  energy  supplies 
in  the  U.S.  and  set  in  motion  fundamental  changes  in  the  energy 
marketplace  for  both  consumers  and  producers.  The  impacts  of 
these  changes  are  still  being  felt  today. 

Some  long-held  assumptions  about  energy  supplies  and  use 
came  into  question  over  the  past  decade,  which  contained  the  se- 
cond major  oil  price  shock  of  1978/79,  as  well  as  the  oil  price  col- 
lapse of  1986.  One  basic  contention  —  that  the  demand  for 
energy  was  inelastic,  or  unresponsive  to  price  changes  —  was 
refuted  by  significant  amounts  of  price-induced  conservation  and 
fuel  switching  that  occurred  as  a  result  of  actions  taken  by  in- 
dividual households  and  firms.  Similarly,  the  traditional  belief  that 
total  energy  demand  and  economic  growth  necessarily  moved  in 
tandem  was  proven  incorrect. 

In  addition,  earlier  assumptions  about  the  cost  and  availability 
of  future  energy  supplies  have  been  proven  wrong.  Domestic  oil 
and  gas  resources  were  expected  to  be  depleted  by  the  end  of 
the  century,  but  improved  technology,  increased  drilling  activity 
and  reserve  additions,  along  with  demand  reductions,  should  ex- 
tend the  fossil  fuels  reserve  base,  although  not  indefinitely.  This 
extension  should  occur  despite  low  oil  and  gas  prices  in  the  last 
two  years  which  have  dampened  domestic  exploration  and  drill- 
ing recently.  Energy  experts  were  predicting  that  OPEC's  control 
of  the  oil  market  would  lead  to  prices  of  $100  per  barrel  by  2000. 
However,  the  last  two  years  have  demonstrated  that  OPEC's  con- 
trol of  oil  prices  is  at  least  somewhat  tenuous.  Actions  taken  by 
consumers  (conservation  and  fuel  switching)  and  governments 
(creation  of  petroleum  reserves  and  promotion  of  alternate  fuels), 
as  well  as  a  lack  of  discipline  within  OPEC,  have  led  to  excess 
oil  production  and  oil  price  decreases  in  recent  years.  Decontrol 
of  oil  prices  and  the  ongoing  deregulation  of  the  natural  gas  mar- 
ket have  also  led  to  greater  availability  of  and  lower  prices  for 
these  fossil  fuels.  However,  OPEC  has  not  lost  its  grip  on  oil  sup- 
plies and  prices,  as  can  be  seen  by  the  events  of  recent  months. 
\  Continuing  instability  in  the  Middle  East,  exemplified  by  the  Iran- 
!  Iraq  war,  and  associated  fluctuations  in  oil  prices  and  production 
i  levels  demonstrate  the  danger  of  continued  overreliance  on  this 
energy  source. 

Natural  gas  supplies,  meanwhile,  have  moved  from  a  state  of 
:  shortage,  which  had  been  expected  to  continue  into  the  future,  to 
surplus  over  the  last  decade.  The  mid  to  late  1970s  was  a  period 
of  severe  supply  curtailments,  induced  primarily  by  long-standing 
federal  price  regulation  of  gas  wellhead  prices.  The  Natural  Gas 
\  Policy  Act,  passed  in  1978,  established  a  schedule  for  gradually 
decontrolling  the  prices  of  most  types  of  gas.  Producers  respond- 
ed with  increased  exploration  and  development,  while  nationally 
demand  dropped  somewhat  due  to  conservation,  fuel-  switching 
and  changes  in  the  industrial  structure.  By  1983,  a  surplus  supply 


of  gas  had  developed.  This  surplus  is  expected  to  last  for  another 
few  years  nationally,  after  which  gas  markets  are  expected  to 
settle  into  an  approximate  equilibrium. 

Assumptions  made  regarding  electricity  supplies  and  costs 
have  also  been  proven  incorrect  in  the  last  10  years.  It  was  once 
thought  that  electricity  from  nuclear  power  plants  would  be  "too 
cheap  to  meter"  and  that  nuclear  power  would  be  a  major  part  of 
the  solution  to  overdependence  on  oil.  However,  concerns  about 
the  safety  of  nuclear  power  plants,  their  costs,  and  still  unresolved 
questions  about  the  disposal  of  nuclear  waste  have  removed 
nuclear  power  from  the  list  of  new  electricity  supply  options  for 
the  foreseeable  future.  The  costs,  environmental  impacts  and 
long  lead-times  associated  with  large,  central  station  generating 
plants  generally  have  made  many  of  them  unattractive  options  for 
future  electricity  supplies.  To  avoid  these  costs  and  reduce  the 
risk  associated  with  uncertainty  about  levels  of  demand,  utilities 
have  begun  to  turn  to  bulk  power  purchases,  to  smaller-scale 
domestic  energy  resources,  and  to  their  customers  as  sources  of 
more  reliable  and  lower-cost  electricity  supplies. 

The  changes  that  took  place  in  the  last  ten  years  also  had  very 
real  impacts  on  Massachusetts'  energy  consumers  and  providers, 
particularly  given  Massachusetts'  dependence  on  oil,  the  lack  of 
its  own  natural  resources  (oil,  gas,  coal),  and  its  position  at  the 
end  of  the  energy  pipeline.  Aggregate  trends  in  Massachusetts' 
energy  consumption  and  prices  are  discussed  in  the  next  section. 
This  is  followed  by  a  section  that  discusses  trends  in  energy  con- 
sumption and  prices  in  the  residential,  commercial,  industrial  and 
transportation  sectors.  The  next  section  discusses  trends  in  the 
electric  industry's  consumption  of  fuels  and  production  of  power. 
The  last  section  of  this  historical  overview  contains  a  summary 
discussion  of  what  lessons  for  the  future  can  be  drawn  from  the 
last  10  years. 


AGGREGATE  TRENDS  IN  ENERGY 
CONSUMPTION  AND  PRICES 

Two  distinct  energy  consumption  trends  were  evident  in  the 
period  from  1976  to  1986.  From  1976  to  1983,  primary  energy  use 
declined  in  the  Commonwealth;  however,  most  recently  from  1984 
to  1986,  energy  use  increased.  "Primary"  energy  consumption 
refers  to  the  consumption  of  "primary"  or  raw  fuels  like  oil,  natural 
gas,  coal,  nuclear  and  renewables.  (Electricity,  in  comparison, 
can  be  thought  of  as  a  "secondary"  fuel  or  energy  source  be- 
cause it  is  produced  by  transformation,  usually  combustion,  of  a 
"primary"  fuel.) 

Total  primary  energy  consumption  declined  steadily  from  1976 
to  1983,  continuing  a  trend  begun  in  1973.  This  trend  was  driven 
by  the  oil  price  shocks  of  1973  and  1978/79.  However,  since  1983, 
as  oil  prices  fell  and  the  Massachusetts  economy  expanded, 
energy  consumption  has  risen  by  9.4  percent.  Despite  this  recent 
upward  trend,  overall  there  has  been  a  6.5  percent  reduction  in 
aggregate  primary  energy  consumption  in  the  residential,  com- 
mercial, industrial,  transportation  and  electric  utility  sectors  be- 
tween 1976  and  1986.  (See  Table  1  and  Figure  1:  Massachusetts 
Total  Primary  Energy  Consumption,  1976-1986.) 
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Table  1 

Massachusetts 

Total  Primary  Energy  Consumption 

1976-1986' 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Nuclear 


Renewable 

33.2 

32.8 

32.2 

35.4 

33.8 

38.7 

38.7 

40.0 

39.6 

40.0 

47.5 

1976 

1469.9 

1171.2 

167.7 

4.1 

1977 

1493.3 

1186.8 

173.8 

4.1 

1978 

1471.0 

1156.0 

174.5 

3.2 

1979 

1409.3 

1108.6 

161.8 

3.4 

1980 

1334.8 

1014.7 

196.0 

6.0 

1981 

1333.7 

979.1 

196.2 

23.1 

1982 

1328.0 

953.6 

207.8 

28.0 

1983 

1288.7 

865.5 

194.9 

90.0 

1984 

1301.6 

822.5 

211.7 

138.0 

1985 

1317.7 

785.6 

232.9 

156.8 

1986 

1364.8 

859.0 

223.9 

157.9 

Average  Annual 

Growth  Rate 

1976-1986 

-0.7% 

-2.7% 

3.4% 

375% 

94.4 

95.7 

105.1 

100.2 

84.2 

96.7 

99.4 

98.4 

89.2 

102.3 

76.4 

- 1 .9% 


4.3% 


1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  Represents  electricity  production  by  nuclear  power  plants. 

3.  Includes  renewable  fuel  used  for  residential  heating,  utility  and  non-utility  electricity  production. 

Source:   SAFER  Model 

Figure  1 
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This  decline  in  energy  use  can  be  attributed  largely  to  energy 
conservation  measures  adopted  by  individuals  and  commercial 
and  industrial  firms.  Households  have  reduced  their  energy  con- 
sumption by  investing  in  items  such  as  insulation,  weatherstrip- 
ping,  and  more  efficient  appliances.  In  the  industrial  and  com- 
mercial sectors,  goods  and  services  are  being  produced  with  less 
energy  inputs,  not  only  because  of  investments  in  more  efficient 
equipment,  but  also  because  of  design  and  process  changes  that 
have  been  made.  Furthermore,  in  Massachusetts,  the  industrial 
and  commercial  base  has  continued  to  shift  away  from  energy- 
intensive  basic  industries,  following  a  trend  begun  in  the  early 
1970s. 

For  much  of  the  1976  to  1986  period,  Massachusetts'  con- 
sumers, along  with  consumers  throughout  the  nation,  faced  in- 
creasing energy  costs.  A  summary  of  average  national  fossil  fuel 
prices  at  the  point  of  production  is  shown  in  Table  2:  National 
Average  Wellhead  and  Mine  Mouth  Fuel  Prices,  1976-1986.  (See 
also  Figure  2.)  These  production  prices  are  the  basis  for  the  deli- 
vered fuel  prices  to  individual  economic  sectors. 

The  overall  decline  in  energy  use  and  generally  higher  prices 
supply  part  of  the  historical  picture.  A  richer  understanding  of 
energy  use  in  the  past  decade  can  be  obtained  by  examining  the 
consumption  and  prices  of  particular  fuels  and  electricity. 

Oil  Demand  and  Prices 

In  1976,  oil  represented  73  percent  of  the  Commonwealth's 
primary  energy  consumption.  This  heavy  reliance  on  oil  made 
Massachusetts'  consumers  and  the  state's  economy  especially 
vulnerable  to  oil  price  fluctuations.  Oil  prices  showed  a  great  deal 
of  movement  during  the  1976  to  1986  period,  climbing  steadily 


Table  2 

National  Average 

Wellhead  and  Mine  Mouth 

Fuel  Prices 

1976-1986 

(1975$/mmBTU) 

s 

Oil 

Gas 

Coal 

1976 

1.77 

0.50 

0.80 

1977 

1.82 

0.64 

0.78 

1978 

1.76 

0.69 

0.81 

1979 

2.25 

0.80 

0.78 

1980 

3.14 

0.94 

0.71 

1981 

3.57 

1.06 

0.70 

1982 

3.05 

1.24 

0.68 

1983 

2.69 

1.25 

0.63 

1984 

2.53 

1.22 

0.63 

1985 

2.40 

1.16 

0.59 

1986 

1.25 

0.91 

0.58 

and  peaking  in  1981  at  $20.71  per  barrel  (1975$)  —  roughly  twice 
the  1976  price.  To  reduce  this  vulnerability,  the  Commonwealth, 
along  with  consumer  groups,  began  to  encourage  electric  utilities, 
industries,  and  households  to  reduce  their  use  of  oil.  Between 
1976  and  1986  oil  consumption  decreased  substantially,  from  204 
million  barrels  (BBL)  to  148  million  barrels,  a  reduction  of  27  per- 
cent. By  1986,  oil  accounted  for  only  57  percent  of  primary  energy 
consumption.  Conservation,  efficiency  improvements,  and  the  in- 
creased use  of  other  fuels  were  responsible  for  this  reduction  in 
oil  use. 

While  oil  consumption  generally  declined  between  1976  and 
1985,  in  1986  it  rose  as  prices  fell  sharply,  reaching  their  lowest 
level  in  real  terms  since  the  first  oil  price  shock.  Crude  oil  prices 
had  peaked  in  1981  and  then  declined  gradually  at  an  average 
annual  rate  of  about  five  percent  until  1986  when  they  fell  almost 
50  percent  in  one  year.  OPEC's  effort  to  increase  market  share  in 
the  international  oil  market  was  the  principal  factor  causing  this 
precipitous  decline. 

Crude  oil  price  data  are  shown  in  Table  2  and  graphically  dis- 
played in  Figure  2.  The  relationship  between  oil  prices  and  sig- 
nificant world  events  is  shown  in  Figure  3. 

Natural  Gas  Demand  and  Prices 

Natural  gas  was  used  to  satisfy  10  percent  of  Massachusetts' 
primary  energy  needs  in  1976.  Ten  years  later,  natural  gas  sup- 
plied 15  percent  of  this  total,  an  increase  of  33  percent,  from 
163.8  million  thousand  cubic  feet  (MCF)  to  218.7  million  MCF 

Figure  2 

National  Average  Wellhead 
and  Mine  Mouth  Fuel  Prices 


1975$/mmBTU 

4.00 


Source:  U.S.  Department  of  Energy 
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Figure  3 

National  Average  Wellhead  Oil  Price  and  World  Events 

1976-1986 
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SOURCE:  Based  on  graph  in  "Energy  Security:  A  Report  To  The  President  of  the  United  States,"  U.S. 
Department  of  Energy,  March,  1987. 


Conversions  from  oil  for  home  heating  accounted  for  a  large  por- 
tion of  the  increased  use  of  natural  gas.  Industries  installed  dual 
fuel  boilers  which  allowed  them  to  burn  gas  and  the  electric  in- 
dustry converted  several  generating  plants  to  burn  natural  gas 
when  it  was  available  and  less  expensive  than  oil. 

While  natural  gas  prices  have  climbed  steadily,  doubling  since 
1976,  they  have  generally  remained  at  or  below  oil  price  levels. 
Recently,  declining  oil  prices,  as  well  as  surplus  supplies,  have 
had  a  downward  influence  on  natural  gas  prices.  Gas  prices  fell 
by  25  percent  between  1984  and  1986;  over  the  same  period  oil 
prices  dropped  50  percent.  Because  of  these  recent  relative  price 
trends,  some  oil  has  been  substituted  for  gas  by  consumers  with 
equipment  capable  of  burning  either  fuel,  primarily  electric  util- 
ities. However,  natural  gas  has  been  more  stable  than  oil  in  terms 
of  price.  (See  Figure  2.) 


Coal  Demand  and  Prices 

Although  coal  supplied  only  10  percent  of  the  Commonwealth's 
primary  energy  in  1986,  its  use  has  increased  almost  40-fold  in 
the  past  10  years.  Coal  consumption  in  1976  stood  at  170,833 
tons;  by  1986  it  had  increased  to  6,579,167  tons.  This  change  is 
largely  a  result  of  the  conversions  of  several  electricity  generat- 
ing stations  from  oil  to  coal  in  the  past  seven  years,  including 
three  power  plants  at  Brayton  Point  and  three  power  plants  at 
Salem  Harbor. 


The  constant  dollar  price  of  coal  declined  thoughout  the  histor- 
ical period,  registering  a  total  decrease  of  27.5  percent  over  the 
10  years. 


Nuclear  Energy  Demand 

The  use  of  nuclear  energy  in  power  plants  owned  by  Massa- 
chusetts' utilities  has  varied  significantly  over  the  last  10  years  in- 
fluenced by  the  annual  availability  of  individual  power  plants, 
primarily  Pilgrim  I,  and  the  1986  addition  of  Millstone  3.  In  1986, 
nuclear  power's  share  of  primary  energy  consumption  stood  at  5.6 
percent,  slightly  less  than  its  1976  share  of  6.4  percent. 


Renewable  Energy  Demand 

Wood  and  hydro  power  have  been  the  principal  renewable 
energy  sources  in  Massachusetts  over  the  last  10  years.  The 
statistics  reported  here  reflect  the  use  of  wood  for  home  heating, 
utility-owned  hydro  generation  and  non-utility  renewable  electric- 
ity generation.  Consumption  of  these  forms  of  renewable  energy 
increased  43  percent  during  the  last  decade.  In  1976,  these 
renewable  energy  sources  supplied  2.1  percent  of  the  Common- 
wealth's energy  needs.  Currently,  they  account  for  3.2  percent  of 
total  energy  consumed.  (See  Table  3  and  Figure  4:  Massa- 
chusetts Renewable  Energy  Consumption,  1976-1986.) 
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Table  3 

Massachusetts 

Renewable  Energy  Consumption 

1976-1986' 

(TBTUs) 


Total 


Utility 

Wood  for 

Residential 

Heating2 


Renewable 

Hydro 

Electricity 

Generation3 


Small  Power 

Electricity 
Generation45 


1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 


33.2 
32.8 
32.2 
35.4 
33.8 
38.7 
38.7 
40.0 
39.6 
40.0 
47.5 


10.9 
12.0 
14.4 
16.2 
19.1 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 


22.5 
20.8 
17.8 
19.2 
14.6 
19.9 
19.1 
20.4 
20.0 
20.1 
20.1 


0 

0 

0 

0 

0.1 

0.1 

0.9 

0.9 

0.9 

1.2 

8.7 


1. 


Residential  and  commercial  solar  space  and  water  heating  not 
included. 

1982-1986  estimates  based  on  1981  data. 
1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
1976-1986  estimates  based  on  capacity  data  from  1986  New  England 
Governors'  Conference,  Inc.  survey. 
5.  Includes  biomass,  solar,  hydro,  wind,  and  refuse  electricity  production. 
Sources:  SAFER  Model;  The  Massachusetts  Energy  Path:  1983 
Statistical  Update  to  Volume  I 

Figure  4 

Massachusetts  Renewable  Energy  Consumption 

1976-1986 


In  addition,  solar  energy  contributes  to  meeting  Massachusetts' 
energy  needs.  Approximately  30,000  active  solar  systems  (primar- 
ily for  domestic  water  heating)  have  been  installed  in  Massachu- 
setts in  the  last  decade.  In  total,  these  systems  displace  an  es- 
timated eight  million  gallons  of  oil-equivalent  fuel  annually. 
Installations  increased  at  a  rapid  rate  through  1985,  but  sales 
have  declined  sharply  in  the  last  two  years  as  a  result  of  lower 
fossil  fuel  prices  and  the  expiration  of  federal  solar  tax  credits. 
Massachusetts'  solar  tax  credits  remain  in  effect  until  the  end  of 
1987.  A  bill  to  extend  the  tax  credit  has  recently  been  passed  by 
the  State  Legislature  and  signed  by  the  Governor. 


Electricity  Demand  and  Prices 

It  is  important  to  note  that  electricity  differs  from  energy 
sources  such  as  oil,  gas,  coal,  nuclear  and  renewable  fuels.  The 
generation  of  electricity  is  a  transformation  of  "primary"  energy 
sources  into  another  useful  form  of  energy.  The  energy  from  the 
primary  sources  —  oil,  natural  gas,  coal,  and  nuclear  fuel  —  is 
used  to  produce  electricity  which  in  turn  becomes  an  energy  in- 
put to  processes  or  devices  (appliances  and  motors)  to  achieve 
a  desired  end,  be  it  hot  water,  cold  food,  lit  offices  or  mobility.  For 
this  reason,  electricity  is  often  referred  to  as  a  "secondary"  energy 
source. 


Trends  in  electricity  consumption  and  peak  demand  for  the 
years  1976  to  1986  are  shown  in  Table  4.  Between  1976  and  1982, 
electricity  consumption  remained  relatively  stable,  increasing  at 
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Table  4 

Table  5 

Massachusetts 

Massachusetts 

Electricity  Consumption  and  Peak  Demand 

Average  State-Wide  Electricity  Prices 

1976-1986' 

1976-198&2 

Electricity  Consumec 

I 

Peak  Demand 

Average 

Average 

(GWH) 

(MW) 

1976 

Current 
Price 

(Cents/KWH) 

4.42 

Constant 

Utility 
Sales 

Self- 

Generation 

Total 

Price 

(1975  Cents/KWH) 

1976 

31 ,288 

641 

31,929 

6,685 

4.18 

1977 

31 ,557 

631 

32,188 

6,744 

1977 

4.79 

4.25 

1978 

32,324 

632 

32,956 

6,858 

1978 

4.87 

4.02 

1979 

33,054 

630 

33,684 

6,946 

1979 

5.37 

3.97 

1980 

33,165 

633 

33,798 

6,994 

1980 

6.64 

4.33 

1981 

33,223 

629 

33,852 

7,008 

1981 

8.00 

4.73 

1982 

33,263 

628 

33,891 

7,131 

1982 

7.72 

4.30 

1983 

35,055 

630 

35,685 

7,467 

1983 

7.92 

4.28 

1984 

37,378 

627 

38,005 

8,046 

1984 

8.76 

4.54 

1985 

38,187 

623 

38,810 

8,230 

1985 

9.10 

4.59 

1986 

39,538 

548 

40,086 

8,582 

1986 

8.67 

4.29 

1.  Total  electric  utility  revenues  divided  by  total  ele 

2.  1976-1984  actual  data;  1985-1986  SAFER  model 
Source:  SAFER  Model 

. 

1.  1976-1984  actual  data 
Source:  SAFER  Model 

1985-1986  SAFER  model  projections. 

ctricity  sales, 
projections. 

an  average  annual  rate  of  slightly  more  than  one  percent.  In  the 
last  four  years,  growth  has  increased  dramatically  to  an  average 
annual  rate  of  4.7  percent.  The  rising  use  of  electricity  can  partly 
be  explained  by  the  strong  growth  of  the  Massachusetts'  econ- 
omy since  1982. 

Massachusetts'  peak  demand  for  electricity  grew  28  percent 
between  1976  and  1986,  following  a  trend  close  to  that  for  total 
electricity  consumption.  Peak  demand  grew  1.1  percent  annually 
from  1976  to  1982,  then  increased  at  a  5.1  percent  rate  through 
1986.  Prior  to  1982,  peak  demand  usually  occurred  during  the 
winter  months.  Since  1982,  peak  demand  has  occurred  in  the 
summer. 

Average  state-wide  electricity  prices  for  the  historical  period  are 
listed  and  graphically  displayed  in  Table  5  and  Figure  5,  respec- 
tively, in  both  constant  and  current  dollars.  They  indicate  that 
prices  have  fluctuated  from  year  to  year.  The  overall  trend  shows 
that  electricity  prices  have  increased  over  the  last  10  years, 
although  by  only  2.5  percent  in  constant  terms.  This  figure, 
however,  masks  a  period  of  rapidly  increasing  prices  between 
1976  and  1981  with  growth  then  at  an  average  annual  rate  of  2.6 
percent  per  year  in  constant  dollars,  and  a  period  of  stable  or 
declining  prices  between  1981  and  1986  when  the  rate  of  change 
averaged  -1.9  percent  per  year  in  constant  dollars.  In  1986,  elec- 
tricity prices  fell  in  both  current  and  constant  terms  due  primar- 
ily to  lower  oil  prices. 


Figure  5 

Massachusetts  Average  State-Wide  Electricity  Prices 
1976-1986 


Constant  Cents 
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SECTORAL  TRENDS  IN  ENERGY 
CONSUMPTION  AND  PRICES 

The  statistics  on  total  energy  consumption  in  Massachusetts 
over  the  last  10  years  show  a  clear  trend  toward  reduced  energy 
demand,  resulting  in  part  from  the  more  efficient  use  of  energy 
resources.  Among  the  different  consuming  sectors,  however,  the 
trends  in  energy  use  differ.  To  summarize  these  trends,  a  break- 
down of  total  energy  demand  by  end-use  sector  is  presented  in 
Table  6  and  Figure  6.  These  data  show  that  energy  consumption 
decreased  in  the  residential,  commercial,  and  industrial  sectors 
while  remaining  level  in  the  transportation  sector.  These  trends 
are  discussed  further  in  the  following  sections  on  Massachusetts' 
energy  demand  and  prices  by  sector. 

The  Residential  Sector  —  Trends  in 
Energy  Consumption  and  Prices 

Residential  sector  energy  consumption  is  the  energy  used  in 
the  home  for  all  end-uses,  including  space  heating,  water  heat- 
ing, refrigeration,  lighting,  air  conditioning,  and  miscellaneous 
electrical  appliances.  It  includes  consumption  of  oil,  gas,  coal, 
electricity  and  wood.  Both  single-family  and  multiple-family  hous- 
ing units  are  included  in  this  sector. 

The  residential  sector  expanded  during  the  last  10  years. 
Although  population  increased  by  only  one  percent,  there  were 


roughly  270,000  new  households  in  the  state.  Beginning  in  1983, 
the  construction  of  new  homes  accelerated  rapidly.  Whereas  in 
1982,  16,100  new  homes  were  started,  by  1986  the  number  of 
housing  starts  reached  40,300.  An  expanding  housing  stock  put 
upward  pressure  on  residential  energy  consumption;  however,  for 
the  sector  as  a  whole,  this  was  offset  by  improvements  in  effi- 
ciency and  conservation.  (See  Table  7:  Residential  Sector  Basic 
Economic  and  Demographic  Statistics,  1976-1986.) 

The  energy  consumption  trends  in  the  residential  sector  closely 
resembled  those  for  the  state's  overall  energy  consumption  over 
the  past  decade.  Total  residential  energy  use  dropped  23  percent 
from  1976  to  1983,  but  has  risen  10  percent  since  1983.  Overall, 
total  residential  energy  consumption  fell  by  16  percent  between 
1976  and  1986.  (See  Table  8  and  Figure  7:  Residential  Energy 
Consumption  by  Fuel  Type,  1976-1986.) 

While  overall  residential  energy  consumption  declined  over  the 
last  decade,  a  closer  look  at  usage  patterns  indicates  that  energy 
demand  for  certain  end-uses  declined  much  more  than  for  others, 
and  that  for  some  purposes,  most  notably  air  conditioning,  energy 
consumption  actually  increased. 

Space  Heating 

Energy  consumed  for  residential  space  heating  has  declined 
dramatically  —  about  27  percent  —  in  the  last  10  years.  (See  Ta- 
ble 9  and  Figure  8:  Residential  Space  Heating  Energy  Consump- 
tion by  Fuel  Type,  1976-1986.)  Of  the  four  main  space  heating 


Table  6 

Massachusetts 

Total  Energy  Use  By  Sector 

1976-1986™ 

(TBTUs) 

Total3 

Residential 

Commercial 

Industrial 

Transportation 

1976 

1191.4 

384.5 

- 

236.4 

191.7 

378.8 

1977 

1174.4 

376.3 

229.2 

185.2 

383.7 

1978 

1143.0 

357.8 

224.0 

176.3 

384.9 

1979 

1075.5 

342.3 

214.2 

135.1 

383.9 

1980 

1030.8 

327.7 

216.8 

130.5 

355.8 

1981 

994.1 

296.5 

183.7 

157.7 

356.2 

1982 

1014.6 

296.1 

204.3 

153.8 

360.4 

1983 

969.2 

285.4 

166.7 

152.1 

365.0 

1984 

1007.7 

296.5 

173.5 

156.9 

380.8 

1985 

1005.2 

304.4 

178.4 

157.0 

365.4 

1986 

1042.4 

314.4 

186.1 

163.1 

378.8 

Average  Annual 
Growth  Rate 

1976-86 

- 1 .2% 

- 1 .8% 

-2.1% 

- 1 .5% 

0% 

1.  Includes  oil,  gas,  coal,  electricity  and  wood  consumed;  does  not  include  fuel  used  to  produce  electricity. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  The  difference  between  this  total  and  the  total  column  in  Table  1  is  due  to  energy  lost  in  the  conversion  of  primary  energy  sources  to  electricity. 
Source:  SAFER  Model 
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Figure  6 

Massachusetts  Total  Energy  Use  by  Sector 
1976-1986 


Residential 


Commercial 


Industrial 


Transportation 


Table  7 

Residential  Sector  Basic  Economic  and 

Demographic  Statistics 

1976-1986 


Number  of 

Personal 

Population 

Households 

Income 

(Thousands) 

(Thousands) 

(Billions  of  1975$) 

1976 

5,744 

1,964 

38.06 

1977 

5,738 

1,982 

38.90 

1978 

5,737 

2,020 

39.99 

1979 

5,738 

No  Census 

40.16 

1980 

5,741 

2,033 

40.07 

1981 

5,753 

2,074 

40.09 

1982 

5,751 

2,077 

40.80 

1983 

5,771 

2,108 

42.97 

1984 

5,800 

2,131 

45.59 

1985 

5,820 

2,165 

47.15 

1986 

5,834 

2,207 

48.30 

Average  Annual 

Growth  Rate 

1976-1986 

0.16% 

1.2% 

2.7% 

Sources:  U.S.  Department  of  Commerce,  Bureau  of  Census; 

Massachusetts  Executive  Office  of  Administration  and  Finance 


fuels  —  oil,  gas,  electricity,  and  coal  —  oil  consumption  has 
decreased  the  most,  with  the  amount  of  oil  used  for  heating  in 
1986  equal  to  just  57  percent  of  that  used  in  1976.  In  contrast,  the 
quantities  of  gas  and  electricity  consumed  for  space  heating  have 
remained  relatively  stable,  while  coal  and  renewable  fuels  (primar- 
ily wood)  used  for  space  heating  have  increased  rapidly. 

At  the  household  level,  average  space  heating  energy  con- 
sumption decreased  35  percent  over  the  last  10  years.  Rising 
energy  costs,  and  the  installation  of  conservation  measures  that 
they  induced,  contributed  to  the  decline  in  space  heating  de- 
mand. (See  Table  10  and  Figure  9:  Household  Average  Space 
Heating  Energy  Consumption,  1976-1986.) 

Oil  price  increases  have  been  the  major  factor  influencing 
residential  energy  consumption  for  space  heating.  Delivered  oil 
prices  to  residential  consumers  increased  85  percent  in  constant 
dollars  between  1976  and  1981  (See  Table  11:  Residential  Deli- 
vered Fuel  Prices,  1976-1986),  driving  consumers  to  conserve 
and/or  switch  space  heating  fuels.  Since  1981,  oil  prices  have 
declined,  most  notably  between  1985  and  1986,  but  there  has  not 
been  a  substantial  associated  increase  in  oil  space  heating. 

Gas  prices  have  fluctuated  over  the  last  10  years,  with  prices 
in  1986  about  seven  percent  higher  in  real  terms  than  in  1976. 
Constraints  on  the  availability  of  natural  gas  service  to  new  cus- 
tomers for  a  time  and  price-induced  conservation  have  resulted 
in  stable  levels  of  gas  consumption  for  space  heating.  However, 
since  1984  gas  space  heating  has  increased  as  expanded  pipe- 
line capacity  has  made  gas  more  available,  a  trend  which  is  ex- 
pected to  continue.  (See  Table  9.) 
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Table  8 

Residential 

Energy  Consumption  by  Fuel  Type 

1976-1986 

(TBTUs) 


Total 


Oil1 


Gas' 


Coal1 


Electricity1 


Wood' 


1976 

395.4 

1977 

388.3 

1978 

372.2 

1979 

358.5 

1980 

346.8 

1981 

315.2 

1982 

314.8 

1983 

304.1 

1984 

315.2 

1985 

323.1 

1986 

333.1 

Average  Annual 

Growth  Rate 

1976-1986 

-1.6°/ 

242.5 
236.2 
224.6 
216.2 
186.4 
152.8 
150.5 
143.5 
146.6 
145.9 
152.0 

-  3.7% 


100.8 

99.3 

92.2 

84.7 

99.2 

101.7 

102.8 

97.7 

103.0 

110.3 

112.5 

1 .2% 


1.2 
1.2 
0.9 
0.8 
1.2 
1.7 
1.9 
1.7 
2.5 
2.7 
3.1 

15.8% 


40.0 
39.6 
40.1 
40.7 
40.9 
40.3 
40.9 
42.5 
44.4 
45.5 
46.9 

1 .7% 


10.9 
12.0 
14.4 
16.2 
19.1 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 

7.2% 


1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  1982-1986  estimates  based  on  1981  data. 

Sources:  SAFER  Model;  Massachusetts  Energy  Path:  1983  Statistical  Update  to  Volume  1 
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Residential  Energy  Consumption  by  Fuel  Type 
1976-1986 


TBTUs 


400 


1976    1977    1978    1979    1980    1981    1982    1983    1984    1985    1986 


State  Annual  Forecast  of  Energy  Resources 


Table  9 

Residential  Space  Heating  Energy  Consumption  by  Fuel  Type 

1976-1986' 
(TBTUs) 


Total 


Oil2 


Gas" 


Coar 


Electricity2 


1976 

328.40 

229.20 

82.26 

1.20 

1977 

322.94 

223.66 

81.05 

1.20 

1978 

306.84 

212.53 

74.26 

0.90 

1979 

293.58 

204.54 

67.33 

0.80 

1980 

280.96 

175.77 

80.04 

1.20 

1981 

247.48 

141.89 

80.87 

1.70 

1982 

243.62 

137.65 

80.91 

1.90 

1983 

226.24 

127.58 

73.51 

1.70 

1984 

228.49 

128.02 

74.68 

2.50 

1985 

233.77 

127.07 

80.44 

2.73 

1986 

240.39 

131.49 

82.14 

3.09 

Average  Annual 

Growth  Rate 

1976-1986 

-2.7% 

-4.3% 

-0.1% 

15.7°/ 

4.83 
5.03 
4.76 
4.71 
4.84 
4.32 
4.46 
4.76 
4.60 
4.83 
4.97 

0.3% 


10.9 
12.0 
14.4 
16.2 
19.1 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  1982-1986  estimates  based  on  1981  data. 
Source:  SAFER  Model 
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Table  10 

Household  Average  Space  Heating 

Energy  Consumption 

1976-1986' 

Total 

Residential 

Space  Heating 

Consumption 

(TBTUs) 

Number  of 
Households 

(Thousands) 

Average 

Household 

Consumption 

(Million  BTUs) 

1976 

328.4 

1,964 

167.2 

1977 

322.9 

1,982 

162.9 

1978 

306.8 

2,020 

151.9 

1979 

293.6 

No  Census 

— 

1980 

281.0 

2,033 

138.2 

1981 

247.5 

2,074 

119.3 

1982 

243.6 

2,077 

117.3 

1983 

226.2 

2,108 

107.3 

1984 

228.5 

2,131 

107.2 

1985 

233.8 

2,165 

108.0 

1986 

240.4 

2,207 

108.9 

Figure  9 

Household  Average  Space  Heating 

Energy  Consumption 

1976-1986 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 
Sources:  SAFER  Model;  U.S.  Department  of  Commerce,  Bureau  of 
Census 
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Table  11 

Residential 

Delivered  Fuel  Prices 

1976-1986' 

Current  Dollars 

Constant  Dollars  (1975$) 

Oil 

Gas 

Coal 

Electricity 

Oil 

Gas 

Coal 

Electricity 

(Gallon) 

(MCF) 

(STon) 

(KWH) 

(Gallon) 

(MCF) 

(STon) 

(KWH) 

1976 

0.42 

3.71 

25.44 

0.05 

0.40 

3.50 

24.04 

0.05 

1977 

0.47 

4.01 

42.96 

0.05 

0.42 

3.56 

38.13 

0.05 

1978 

0.51 

4.23 

52.56 

0.05 

0.42 

3.48 

43.31 

0.04 

1979 

0.69 

4.62 

34.08 

0.06 

0.51 

3.42 

25.23 

0.04 

1980 

0.99 

5.47 

36.48 

0.07 

0.65 

3.57 

23.80 

0.05 

1981 

1.24 

6.42 

91.20 

0.09 

0.74 

3.79 

53.89 

0.05 

1982 

1.22 

7.54 

103.68 

0.08 

0.68 

4.20 

57.74 

0.05 

1983 

1.13 

8.31 

151.20 

0.09 

0.61 

4.49 

81.59 

0.05 

1984 

1.14 

7.83 

151.20 

0.10 

0.59 

4.05 

78.23 

0.05 

1985 

1.14 

7.92 

153.51 

0.10 

0.57 

3.99 

77.33 

0.05 

1986 

0.76 

7.61 

83.99 

0.09 

0.38 

3.76 

41.52 

0.05 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 
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While  electricity  prices  have  remained  stable  in  constant  terms, 
they  have  doubled  in  current  dollars  over  the  last  decade.  Promo- 
tional rates  for  electric  space  heating  were  phased  out  in  the  last 
10  years,  resulting  in  higher  rates  for  electric  space  heating.  In 
addition,  electricity's  high  cost  relative  to  oil  and  gas  generally 
made  it  an  unattractive  choice  for  space  heating.  The  combina- 
tion of  these  factors  kept  electricity  consumption  for  space  heat- 
ing relatively  flat  until  1982.  Since  then,  consumption  levels  have 
risen  steadily  as  a  result  of  increased  housing  construction,  lower 
heating  system  capital  costs  relative  to  heating  systems  using 
other  fuels,  and  the  unavailability  of  natural  gas  service  in  certain 
geographic  areas. 

Renewable  fuel  consumption  for  space  heating  has  more  than 
doubled  in  the  last  decade.  As  prices  of  conventional  fuels  in- 
creased, some  homeowners  turned  to  alternatives,  primarily 
wood,  to  heat  their  homes.  Since  1976,  wood  has  increased  its 
market  share  from  3.3  percent  to  7.8  percent  in  1986.  Total  wood 
energy  consumption  for  residential  space  heating  over  the  de- 
cade increased  71  percent.  (See  Table  9.) 

Water  Heating,  Cooking  and  Drying 

Other  major  energy  consuming  activities  in  the  residential  sec- 
tor where  there  is  a  choice  of  fuels  include  water  heating,  cook- 
ing, and  clothes  drying.  The  energy  consumption  for  these  end- 
uses  has  increased  by  48  percent  over  the  last  10  years,  driven 
largely  by  increases  in  the  number  of  households.  (See  Table  12: 
Residential  Substitutable  End-Uses  Energy  Consumption, 
1976-1986.) 

Energy  consumption  for  water  heating  grew  at  an  average  an- 
nual rate  of  5.6  percent  between  1976  and  1986,  driven  by  the  in- 

Table  12 

Residential  Substitutable  End-Uses  Energy  Consumption 

1976-198&2 
(TBTUs) 


Figure  10 

Residential  Water  Heating,  1976 
Fuel  Market  Share: 


Water 

Total 

Heating 

Cooking 

Drying 

1976 

42.30 

34.12 

5.50 

2.68 

1977 

40.64 

32.46 

5.35 

2.83 

1978 

39.89 

31.47 

5.33 

3.09 

1979 

38.93 

30.41 

5.22 

3.30 

1980 

39.62 

30.72 

5.45 

3.45 

1981 

41.44 

32.76 

5.33 

3.35 

1982 

45.26 

36.56 

5.21 

3.49 

1983 

51.26 

42.46 

5.21 

3.59 

1984 

58.64 

49.66 

5.32 

3.66 

1985 

60.41 

51.05 

5.48 

3.88 

1986 

62.75 

53.06 

5.61 

4.07 

Average  Annual 

Growth  Rate 

1976-1986 

4.8% 

5.6% 

0.2% 

5.2% 

ELECTRIC 

(17.4%) 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


1.  Shares  are  percent  of  BTUs  used  for  water  heating  produced  by  each 
fuel. 
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crease  in  the  number  of  households  over  the  period.  Demand 
has  increased  for  all  types  of  water  heating:  gas,  oil  and  electric. 
(See  Table  13:  Residential  Water  Heating  Energy  Consumption  by 
Fuel  Type,  1976-1986.)  Oil  consumption  for  water  heating  declined 
between  1976  and  1982,  but  has  since  increased  59  percent  as 
oil  prices  have  fallen.  Gas  consumption  for  water  heating  has  in- 
creased steadily  and  now  accounts  for  48  percent  of  all  water 
heating  compared  with  44  percent  in  1976.  (See  Figure  10: 
Residential  Water  Heating:  Fuel  Market  Shares,  1976  and  1986.) 
Electricity  consumption  has  followed  a  pattern  similar  to  that  of 
oil  —  first  declining,  then  increasing  since  1982  when  electricity 
prices  stabilized  somewhat. 

The  energy  used  for  cooking  increased  by  only  two  percent 
over  the  entire  historical  period.  Gas  and  electricity  each  supplied 
roughly  one-half  of  the  cooking  energy  demand.  Energy  use  for 
clothes  drying  increased  more  rapidly  and  by  a  larger  amount, 
reflecting  more  households  and  increased  penetration  of  dryers 
in  existing  households.  Clothes  drying  consumption  increased  52 
percent  between  1976  and  1986.  Although  electricity  use  declined 
by  five  percent,  demand  for  gas  drying  more  than  doubled. 

Electricity  Use 

The  third  major  category  of  energy  use  in  the  residential  sec- 
tor is  electricity  used  for  appliances  and  lighting.  Refrigerators 
and  freezers  account  for  almost  one-fourth  of  all  electricity  used 
annually  by  the  residential  sector  as  a  whole.  (See  Table  14  and 
Figure  11:  Residential  Electricity  Consumption  by  End-Use, 


Table  13 

Residential 

Water  Heating  Energy  Consumption  by  Fuel  Type 

1976-1986'* 

(TBTUs) 


Total 


1976 

34.12 

1977 

32.46 

1978 

31.47 

1979 

30.41 

1980 

30.72 

1981 

32.76 

1982 

36.56 

1983 

42.46 

1984 

49.66 

1985 

51.05 

1986 

53.06 

Average 

Annual 

Growth  Rate 

1976-86 

5.6% 

Oil 


Gas 


13.30 
12.54 
12.07 
11.61 
10.63 
10.87 
12.89 
15.87 
18.63 
18.78 
20.50 

5.4% 


14.89 
14.43 
13.99 
13.43 
14.76 
16.36 
17.58 
19.85 
23.77 
24.99 
25.24 

7.0% 


electricity 


5.93 
5.48 
5.41 
5.36 
5.33 
5.53 
6.08 
6.73 
7.26 
7.28 
7.32 

2.3% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


Table  14 

Residential 

Electricity  Consumption  by  End- Use 

1976-198&2 

(GWH) 


Space 

Substitutable  End-Uses 

Electricity 

End-Uses 

Water 

Total 

Heating 

Heating 

Cooking 

Drying 

Refrig. 

Lighting 

AC 

Misc. 

1976 

11,715 

1,415 

1,737 

796 

532 

2,947 

1,093 

315 

2,880 

1977 

1 1 ,595 

1,405 

1,607 

756 

524 

2,972 

1,033 

347 

2,882 

1978 

1 1 ,756 

1,395 

1,585 

758 

551 

3,093 

1,007 

394 

2,975 

1979 

1 1 ,922 

1,380 

1,571 

765 

580 

3,181 

969 

442 

3,034 

1980 

1 1 ,973 

1,419 

1,563 

755 

565 

3,199 

975 

444 

3,052 

1981 

11,810 

1,265 

1,621 

731 

503 

3,122 

930 

484 

3,154 

1982 

11,983 

1,309 

1,782 

752 

535 

2,971 

918 

494 

3,222 

1983 

12,461 

1,394 

1,974 

782 

524 

2,953 

934 

513 

3,387 

1984 

13,009 

1,348 

2,129 

803 

492 

3.028 

947 

586 

3,677 

1985 

13,325 

1,415 

2,134 

816 

494 

3,120 

973 

602 

3,771 

1986 

13,733 

1,457 

2,146 

839 

505 

3,239 

1,005 

648 

3,893 

Average  Annual 

Growth  Rate 

1976-1986 

1 .7% 

0.3% 

2.4% 

0.5% 

0.5% 

1 .0% 

-  0.8% 

10.6% 

3.5% 

1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 
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Figure  11 

Residential  Electricity  Consumption  by  End-Use 
1976-1986 
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1976-1986.)  Electricity  use  for  refrigeration  has  increased  slightly 
over  the  last  10  years  with  the  improved  efficiency  of  refrigerators 
and  freezers  being  offset  by  their  growing  numbers. 

Air  conditioning  use  also  grew  in  the  residential  sector.  Be- 
tween 1976  and  1986  electricity  consumed  for  this  end-use  dou- 
bled due  to  the  increased  number  of  households,  greater  use  of 
room  air  conditioners  in  existing  households,  and  higher  penetra- 
tion of  central  air  conditioning  in  the  residential  sector.  (See 
Figure  12:  Residential  Air  Conditioning  Saturation,  1976-1997.)  Air 
conditioning  use  will  continue  to  grow  as  more  residences  in 
Massachusetts  acquire  air  conditioners,  although  improvements 
to  building  shells,  such  as  insulation  and  more  efficient  air  con- 
ditioners, should  slow  growth  somewhat. 

Electricity  use  for  miscellaneous  appliances  in  the  home 
showed  substantial  growth  over  the  past  10  years,  reflecting  again 
the  increased  number  of  households  as  well  as  lifestyle  changes, 
the  availability  of  new  electric  products  and  increases  in  dispos- 
able income  available  for  purchasing  appliances. 


Figure  12 

Residential  Air  Conditioning  Saturation 
1976-1997 
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The  Commercial  Sector  —  Trends  in 
Energy  Consumption  and  Prices 

The  commercial  sector  consists  of  wholesale  and  retail  estab- 
lishments, service  industries,  finance,  insurance  and  real  estate 
operations,  schools,  hospitals,  and  government  agencies.  Energy 
consumption  in  the  commercial  sector  declined  between  1976 
and  1986  due  to  decreased  oil  consumption,  which  was  halved 
during  this  decade.  Even  though  gains  made  in  reducing  oil  use 
were  partially  offset  by  increased  demand  for  natural  gas  and 
electricity,  annual  commercial  energy  demand  was  down  by  50 
TBTUs  or  21.3  percent.  (See  Table  15  and  Figure  13:  Commer- 
cial Energy  Consumption  by  Fuel  Type,  1976-1986.) 

Energy  conservation  investments  and  demand  management 
programs  served  to  decrease  commercial  space  heating  demand. 
On  the  other  hand,  economic  growth  in  this  sector  placed  upward 
pressure  on  other  forms  of  energy  consumption,  resulting  in  in- 
creased energy  consumption  for  end-uses  such  as  lighting  and 
air  conditioning.  Total  commercial  floor  space  increased  by  29 
percent  between  1976  and  1986  in  Massachusetts.  The  largest 
expansion  was  in  floor  space  for  offices,  which  increased  by  41 
percent.  Also  notable  was  the  26  percent  growth  in  retail  store 
floor  space.  In  addition,  employment  was  up  almost  60  percent 
in  service  industries  and  35  percent  in  wholesale  and  retail  trade. 
(See  Table  16:  Commercial  Sector  Basic  Economic  Statistics, 
1976-1986.) 


Space  Heating 

Energy  consumed  for  commercial  space  heating  declined  dra- 
matically —  almost  40  percent  —  in  the  last  10  years  due  to 
decreased  consumption  of  oil  for  this  end-use.  This  decrease  in 
oil  usage  more  than  offset  increases  in  the  other  major  fuels  — 
gas,  coal,  and  electricity.  (See  Table  17:  Commercial  Space  Heat- 
ing Energy  Consumption  by  Fuel  Type,  1976-1986.) 

The  amount  of  oil  used  for  commercial  space  heating  in  1986 
was  only  47  percent  of  that  used  in  1976.  This  reduction  resulted 
primarily  from  increases  in  delivered  oil  prices,  which  rose  48 
percent  in  constant  dollars  over  the  1976  to  1986  period  (178  per- 
cent in  current  dollars).  (See  Table  18:  Commercial  Delivered  Fuel 
Prices,  1976-1986.) 

Gas  consumed  for  space  heating  currently  accounts  for  69 
percent  of  the  gas  used  by  the  commercial  sector.  Natural  gas 
consumption  in  this  sector  increased  by  27  percent  during  the 
historical  period.  More  than  half  of  this  increase  can  be  attributed 
to  increased  space  heating  demand,  which  in  part  resulted  from 
consumers  converting  from  oil  to  natural  gas,  and  the  greater 
availability  of  natural  gas. 

The  constant  dollar  delivered  price  of  gas  rose  by  23  percent 
between  1976  and  1986,  increasing  more  slowly  than  oil  prices 
which  rose  by  48  percent  in  real  terms.  Rapidly  increasing  oil 
prices,  fear  of  potential  oil  supply  disruptions,  and  expectations 
about  future  prices  influenced  consumers'  decisions  to  switch 
from  oil  to  gas  heat. 


Table  75 

Commercial 

Energy  Consumption  by 

Fuel  Type 

1976-1986' 

(TBTUs) 

Total 

Oil 

Gas 

Coal 

Electricity2 

1976 

236.4 

158.9 

39.4 

1.0 

37.0 

1977 

229.2 

148.7 

42.3 

1.0 

37.2 

1978 

224.0 

138.0 

47.2 

0.6 

38.2 

1979 

214.2 

126.6 

48.0 

0.5 

39.0 

1980 

216.8 

121.0 

55.2 

1.2 

39.4 

1981 

183.7 

90.2 

51.8 

1.6 

40.0 

1982 

204.3 

97.6 

63.3 

2.1 

41.3 

1983 

166.7 

79.5 

41.4 

1.8 

43.9 

1984 

173.5 

79.7 

43.0 

3.2 

47.6 

1985 

178.4 

78.9 

47.2 

3.3 

49.0 

1986 

186.0 

81.5 

49.9 

3.2 

51.4 

Average  Annual 

Growth  Rate 

1976-1986 

-2.1% 

-4.9% 

2.4% 

22.0% 

3.9% 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  Utility  sales  only. 
Source:  SAFER  Model 
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Figure  13 

Commercial  Energy  Consumption  by  Fuel  Type 
1976-1986 
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Table  16 

Commercial  Sector  Basic  Economic  Statistics 
1976-1986 


Non-Manufacturing 

Commercial 

Employment 

Floor  Space 

Gross  Product 

(Thousands) 

(Millions  of 
Sq.  Feet) 

(Bill 

ons  of  1975$) 

1976 

1,730 

1,098 

31.59 

1977 

1,795 

1,099 

32.34 

1978 

1,874 

1,110 

33.07 

1979 

1,931 

1,152 

32.89 

1980 

1,978 

1,182 

32.24 

1981 

1,999 

1,195 

32.57 

1982 

1,998 

1,200 

33.92 

1983 

2,059 

1,240 

36.51 

1984 

2,179 

1,310 

38.36 

1985 

2,273 

1,364 

39.881 

1986 

2,364 

1,414 

41.231 

Average  Annual 

Growth  Rate 

1976-1986 

3.7% 

2.9% 

3.0% 

1.  EOER  estimate  based  on  non-manufacturing  employment  data. 
Sources:  Massachusetts  Department  of  Employment  Security;  NEPOOL; 
Massachusetts  Executive  Office  of  Administration  and  Finance 


Electricity  sales  for  commercial  space  heating  more  than  dou- 
bled between  1976  and  1986,  increasing  from  509  to  1,119 
gigawatthours  (GWH).  Electric  space  heating  accounted  for  14 
percent  of  the  growth  in  commercial  sector  electricity  use.  There 
has  been  a  notable  shift  from  oil  to  electricity  in  the  commercial 
sector  for  space  heating  purposes,  driven  by  relative  price 
changes,  oil  price  instability,  and  the  lower  capital  cost  of  electric 
heating  units. 

In  constant  dollars,  the  price  of  electricity  has  remained  nearly 
unchanged  over  the  last  10  years.  The  real  electricity  price  has 
fluctuated  around  the  1976  price,  settling  at  a  level  25  percent 
higher  in  1986.  In  current  dollars,  however,  the  price  has  in- 
creased by  80  percent  over  the  10-year  period. 

Coal  is  also  used  as  a  space  heating  fuel  in  the  commercial 
sector.  In  1976,  coal  supplied  roughly  one  percent  of  the  space 
heating  energy.  By  1986,  three  percent  of  space  heating  energy 
came  from  coal,  with  demand  rising  from  41,667  to  133,333  tons 
annually.  In  constant  dollars,  the  delivered  price  of  coal  declined 
from  its  1976  price  of  $38.34  per  ton  (1975$)  to  $32.54  in  1986. 

Water  Heating  and  Cooking 

Water  heating  and  cooking  are  other  major  energy-consuming 
activities  in  the  commercial  sector.  Energy  consumption  for  these 
end-uses  has  increased  steadily  over  the  last  10  years  at  roughly 
a  three  percent  average  annual  rate.  (See  Table  19:  Commercial 
Water  Heating  and  Cooking  Energy  Consumption,  1976-1986.) 
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Table  17 

Commercial 

Space  Heating  Energy  Consumption  by  Fuel  Type 

1976-198&2 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 

1.74 

2.00 

2.35 

2.74 

3.17 

2.72 

3.19 

3.01 

3.46 

3.65 

3.82 

1976 

169.16 

1977 

162.98 

1978 

157.42 

1979 

149.87 

1980 

153.74 

1981 

118.55 

1982 

138.77 

1983 

97.95 

1984 

99.96 

1985 

102.59 

1986 
Averac 

}e  Annual 

106.76 

Growth  Rate 

1976-1986 

-  3.7% 

138.79 

129.59 

119.23 

110.52 

106.31 

75.22 

83.14 

64.49 

64.71 

63.52 

65.42 

-  5.3% 


27.61 
30.37 
35.21 
36.07 
43.03 
38.99 
50.33 
28.64 
28.60 
32.11 
34.35 

2.4% 


1.02 
1.02 
0.63 
0.53 
1.22 
1.61 
2.11 
1.81 
3.19 
3.31 
3.17 

21.1% 


12.0% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Utility  sales  only. 
Source:  SAFER  Model 


Table  18 

Commercial 

Delivered  Fuel  Prices 

1976-1986' 

Current  Dollars 

Constant  Dollars  (1975$) 

Oil 

Gas 

Coal 

Electricity 

Oil 

Gas 

Coal 

Electricity 

(Gallon) 

(MCF) 

(S.Ton) 

(KWH) 

(Gallon) 

(MCF) 

(S.Ton) 

(KWH) 

1976 

0.33 

3.13 

40.56 

0.05 

0.31 

2.96 

38.34 

0.04 

1977 

0.38 

3.49 

46.80 

0.05 

0.34 

3.10 

41.54 

0.05 

1978 

0.39 

3.59 

49.68 

0.05 

0.32 

2.96 

40.94 

0.04 

1979 

0.58 

3.89 

47.28 

0.06 

0.43 

2.88 

35.01 

0.04 

1980 

0.80 

4.76 

50.88 

0.07 

0.52 

3.11 

33.19 

0.05 

1981 

1.06 

5.77 

49.44 

0.08 

0.63 

3.41 

29.21 

0.05 

1982 

0.97 

6.41 

51.60 

0.08 

0.54 

3.57 

28.74 

0.05 

1983 

0.93 

7.41 

53.76 

0.08 

0.50 

4.00 

29.01 

0.04 

1984 

0.93 

7.18 

53.76 

0.09 

0.48 

3.71 

27.81 

0.05 

1985 

0.91 

7.25 

53.44 

0.09 

0.46 

3.65 

26.92 

0.05 

1986 

0.56 

6.62 

65.83 

0.09 

0.28 

3.27 

32.54 

0.05 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 
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Table  19 

Commercial 

Water  Heating  and  Cooking  Energy  Consumption 

1976-1986™ 

(TBTUs) 


Total 


1976 

18.19 

1977 

18.16 

1978 

18.29 

1979 

18.15 

1980 

18.38 

1981 

19.10 

1982 

19.62 

1983 

20.10 

1984 

22.17 

1985 

23.04 

1986 

24.16 

Average  Annual 

Growth  Rate 

1976-1986 

3.3% 

Water 
Heating 


11.98 
11.98 
12.07 
11.98 
12.13 
12.50 
12.89 
13.30 
14.65 
15.17 
16.00 

3.4% 


Cooking 


6.21 
6.18 
6.22 
6.17 
6.25 
6.60 
6.73 
6.80 
7.52 
7.87 
8.16 

3.1% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


Table  20 

Commercial 

Water  Heating  Energy  Consumption  by  Fuel  Type 

1976-198&23 

(TBTUs) 


1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

Average  Annual 
Growth  Rate 
1976-1986 


Total 


11.98 
11.98 
12.08 
11.98 
12.13 
12.55 
12.89 
13.35 
14.65 
15.17 
16.00 

3.4% 


Oil 


5.30 
5.16 
5.27 
5.20 
5.23 
5.26 
5.54 
6.13 
6.43 
6.58 
7.16 

3.5% 


Gas 


6.68 
6.82 
6.81 
6.78 
6.90 
7.29 
7.35 
7.22 
8.22 
8.59 
8.84 

3.20/0 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Complete  data  not  available  for  commercial  sector  electric  water 
heating. 

Source:  SAFER  Model 


Gas  and  oil  supply  most  of  the  energy  for  commercial  sector 
water  heating.  Consumption  of  natural  gas  for  commercial  water 
heating  increased  by  33  percent  in  the  past  10  years.  Oil  con- 
sumption for  water  heating  declined  between  1976  and  1982,  but 
has  since  increased  somewhat  as  oil  prices  have  fallen.  The 
market  shares  for  these  two  fuels  have  remained  virtually  cons- 
tant during  the  past  10  years,  with  gas  being  the  dominant  fuel, 
holding  a  55  percent  market  share.  (See  Table  20:  Commercial 
Water  Heating  Energy  Consumption  by  Fuel  Type,  1976-1986.) 

Natural  gas  and  electricity  provide  the  energy  for  commercial 
sector  cooking.  The  consumption  of  both  types  of  energy  in- 
creased during  the  last  10  years  because  of  expanded  economic 
activity  in  the  commercial  sector.  Their  relative  market  shares  re- 
mained unchanged. 

Electricity  Use 

The  third  major  category  of  energy  use  in  the  commercial  sec- 
tor is  electricity  for  lighting,  refrigeration,  air  conditioning,  and 
miscellaneous  electrical  devices.  Energy  consumption  by  these 
end-uses  increased  by  35  percent  over  the  10-year  period,  with 
the  rapidly  growing  demand  for  lighting  explaining  75  percent  of 
this  increase.  (See  Table  21  and  Figure  14:  Commercial  Electri- 
city Consumption  by  End-Use,  1976-1986.)  Lighting  is  the  largest 


electricity  consuming  end-use  in  the  commercial  sector,  account- 
ing for  63  percent  of  the  electricity  used  in  1986.  The  large, 
state-wide  increase  in  commercial  floor  space,  particularly  office 
space,  boosted  this  demand  by  38  percent  between  1976  and 
1986.  Much  of  this  increased  consumption  was  due  to  expanded 
economic  activity.  Potential  countervailing  forces  such  as  price- 
induced  conservation  and  electrical  device  efficiency  improve- 
ments had  only  a  moderate  impact. 
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Table  21 

Commercial  Electricity  Consumption  by  End-Use 

1976-1986'23 

(GWH) 


Space 

Total 

Heating 

1976 

10,983 

509 

1977 

1 1 ,031 

586 

1978 

1 1 ,338 

688 

1979 

1 1 ,562 

804 

1980 

11,681 

930 

1981 

1 1 ,868 

798 

1982 

12,240 

935 

1983 

13,019 

883 

1984 

14,091 

1,015 

1985 

14,504 

1,069 

1986 

15,201 

1,119 

Average  Annual 

3rowth  Rate 

1976-1986 

3.8% 

12.0% 

Cooking 


Electricity  End-Uses 


Refrig. 

Lighting 

AC 

Misc. 

1,088 

6,940 

734 

1,312 

1,078 

6,996 

695 

1,300 

1,090 

7,196 

672 

1,315 

1,092 

7,332 

643 

1,318 

1,092 

7,329 

643 

1,317 

1,121 

7,524 

691 

1,352 

1,141 

7,662 

724 

1,376 

1,229 

8,195 

790 

1,482 

1,319 

8,847 

853 

1,591 

1,353 

9,125 

846 

1,637 

1,414 

9,574 

892 

1,713 

401 
376 
377 
373 
370 
383 
402 
441 
466 
473 
490 


2.2% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 
1.   1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
3.  Includes  both  utility  sales  and  self-generated  electricity. 
Source:  SAFER  Model 


3.0% 


Figure  14 

Commercial  Electricity  Consumption  by  End-Use 
1976-1986 


3.8% 


2.2% 


3.1% 
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The  Industrial  Sector  —  Trends  in 
Energy  Consumption  and  Prices 

Energy  use  in  the  industrial  sector  represents  energy  consump- 
tion by  the  industries  in  the  19  two-digit  Standard  Industrial  Clas- 
sification (SIC)  categories  20,  and  22  through  39.  These  indus- 
tries are  listed  in  Table  22. 

Total  industrial  energy  demand  fell  by  28.6  TBTU  or  15  percent 
over  the  10-year  period.  (See  Table  23  and  Figure  15:  Industrial 
Energy  Consumption  by  Fuel  Type,  1976-1986.)  The  level  and  type 
of  economic  activity  in  Massachusetts  had  a  great  impact  on 
energy  usage  in  this  sector.  The  interactions  among  economic  ac- 
tivity, energy  prices,  and  energy  consumption  are  generally 
stronger  and  more  important  in  the  industrial  context  than  in  the 
residential  and  commercial  sectors. 

In  the  1970s,  increasing  energy  prices,  along  with  national  eco- 
nomic trends,  acted  to  depress  economic  activity  in  Massachu- 
setts. (See  Table  24:  Industrial  Sector  Output  by  SIC  Category, 
1976  and  1986.)  Massachusetts'  older,  heavy  industry  and 
materials  sector,  such  as  chemicals  and  pulp  and  paper,  are 
energy  intensive  and  heavily  dependent  on  fossil  fuels.  Real  out- 
put from  these  industries  fell  by  3.2  percent  during  the  last  de- 
cade. In  particular,  production  dropped  in  the  four  most  energy- 
intensive  industries:  food  and  kindred  products,  textile,  pulp  and 
paper,  and  chemicals.  In  general,  overall  energy  consumption  in 
the  15  traditional  industries  declined  between  1976  and  1986  as 
a  result  of  reduced  output,  but  also  more  efficient  use  of  energy. 


Table  22 

List  of  Industries  By  Two-Digit 
SIC  Code  and  Type  of  Process  Heating 


SIC  Code 

Industry 

Boiler  Heat 

20 

Food  and  Kindred  Products 

22 

Textile  Mill  Products 

23 

Apparel  and  Related  Products 

24 

Lumber  and  Wood  Products 

25 

Furniture  and  Fixtures 

26 

Pulp  and  Paper  Products 

27 

Printing  and  Publishing 

28 

Chemical  and  Allied  Products 

29 

Petroleum  Products 

30 

Rubber  Products 

31 

Leather  Products 

Direct  Heat 

32 

Stone,  Clay  and  Glass 

33 

Primary  Metals 

34 

Fabricated  Metals 

35* 

Non-Electric  Machinery 

36 

Electric  Machinery 

37 

Transportation  Equipment 

38* 

Instruments 

39* 

Miscellaneous  Manufacturing 

*  Category  includes  a  large  portion  of  high  technology  industries. 


Table  23 

Industrial  Energy  Consumption  by  Fuel  Type 

1976-1986' 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity2 


1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

Average  Annual 
Growth  Rate 
1976-1986 


191.7 
185.2 
176.3 
135.1 
130.5 
157.7 
153.8 
152.1 
156.9 
157.0 
163.1 

- 1 .5% 


137.2 
125.8 
113.8 
75.7 
63.9 
89.0 
88.8 
79.5 
81.6 
81.0 
86.9 

-3.7% 


26.0 
29.7 
32.0 
27.5 
34.6 
37.3 
34.6 
40.0 
40.2 
40.6 
40.0 

5.4% 


1.8 
1.8 
1.6 
2.0 
2.4 
1.6 
2.4 
2.8 
2.7 
2.7 
2.8 

5.6% 


26.7 
27.9 
28.8 
29.9 
29.6 
29.7 
28.0 
29.9 
32.4 
32.6 
33.4 

2.5% 


1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  Utility  sales  only. 
Source:  SAFER  Model 
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Figure  15 

Industrial  Energy  Consumption  by  Fuel  Type 
1976-1986 


1976         1977         1978         1979         1980         1981 
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Electricity 


Table  24 

Industrial  Sector  Output  by  SIC  Category 

1976  and  1986 

(Millions  of  1975$) 


1976 

1986 

Average  Annual  Output 

SIC 

Output 

Output 

Growth  Rate 

20 

623 

556 

-1.1% 

22 

392 

321 

-1.8 

23 

400 

325 

-1.9 

24 

85 

83 

-0.2 

25 

104 

98 

-0.6 

26 

635 

563 

-1.1 

27 

688 

864 

+  2.6 

28 

517 

501 

-0.3 

29 

73 

93 

+  2.7 

30 

480 

419 

-1.3 

31 

268 

169 

-3.7 

32 

232 

243 

+  0.5 

33 

266 

275 

+  0.3 

34 

939 

910 

-0.3 

351 

1509 

2215 

+  4.7 

361 

1557 

2572 

+  6.5 

37 

645 

724 

+  1.2 

381 

865 

1108 

+  2.8 

391 

358 

332 

-0.7 

Total 

Industry 

10,634 

12,370 

+  1.6 

1.  Category  includes  a  large  portion  of  high-technology  industries. 
Source:  SAFER  Model 


Over  the  decade,  basic  industry  invested  in  energy  efficiency,  in- 
cluding changes  in  process  equipment  and  investments  in 
cogeneration.  Ten  of  Massachusetts'  15  traditional  industries  be- 
came more  energy  efficient,  reducing  the  amount  of  energy  used 
per  unit  of  output.  These  initiatives  made  the  Commonwealth's 
surviving  basic  industries  more  competitive  in  national  and  inter- 
national markets.  (See  Table  25:  Industrial  Energy  Use  Per  Dol- 
lar of  Output,  1976  and  1986.) 

Massachusetts'  high-technology  industries  flourished  during  the 
last  10  years,  as  their  real  dollar  output  increased  45  percent. 
These  industries  are  generally  less  energy-intensive  and  tend  to 
use  less  fossil  fuels  than  traditional,  heavy  industry.  Thus,  the 
shift  in  economic  activity  from  traditional  to  high-technology  in- 
dustries also  contributed  to  reduced  total  industrial  energy  con- 
sumption. ,o 

Process  Heating 

Energy  consumption  in  the  industrial  sector  is  primarily  for 
process  heat,  i.e.,  heat  used  in  industrial  processes.  The  indus- 
tries can  generally  be  divided  into  two  broad  categories  accord- 
ing to  their  use  of  process  heat.  One  group  includes  those  indus- 
tries that  use  energy  to  generate  steam  in  their  production 
process  (e.g.,  boiler  heat).  The  second  group  consists  of  those 
industries  that  use  heat  directly  in  their  production  processes 
(e.g.,  furnaces  in  primary  metal  production).  Table  22  shows  the 
industries  grouped  into  these  two  categories. 

Oil  consumption  for  industrial  sector  process  heat  fell  37  per- 
cent, from  23.7  million  barrels  in  1976  to  15.0  million  barrels  in 


31 


State  Annual  Forecast  of  Energy  Resources 


Table  25 

Industrial  Energy  Use  Per  Dollar  of  Output 

1976  and  1986 

(BTUs/1975$  Output) 


Percent 

1976 

1986 

Change  in 

Energy 

Energy 

Energy 

SIC  Code 

Intensity 

Intensity 

Intensity 

20 

23,804 

34,01 1 

+  43 

22 

37,449 

34,019 

-   9 

23 

2,825 

2,769 

-   2 

24 

13,882 

17,229 

+  24 

25 

1 1 ,250 

9,286 

-17 

26 

66,583 

52,984 

-20 

27 

3,503 

3,287 

-    6 

28 

47,698 

40,579 

-15 

29 

69,589 

29,355 

-58 

30 

22,125 

17,995 

-19 

31 

10,037 

15,740 

+  57 

32 

38,319 

26,379 

-31 

33 

32,143 

35,564 

+  11 

34 

13,674 

12,714 

-    7 

351 

6,766 

4,312 

-36 

361 

8,259 

4,860 

-41 

37 

8,356 

6,934 

-17 

381 

9,896 

6,372 

-35 

391 

10,391 

6,747 

-35 

1986.  While  oil  is  still  the  dominant  industrial  sector  fuel,  the  fuel 
mix  in  the  industrial  sector  has  been  diversified.  In  1976,  oil  sup- 
plied 86  percent  of  the  sector's  process  energy;  by  1986  oil  ac- 
counted for  only  70  percent  of  this  consumption.  (See  Table  26 
and  Figure  16:  Industrial  Process  Heat  Energy  Consumption  by 
Fuel  Type,  1976-1986.) 

The  four  largest  industrial  consumers  of  oil  in  Massachusetts 
are  pulp  and  paper  products,  chemical  and  allied  products,  food 
and  kindred  products,  and  textile  mill  products.  With  the  excep- 
tion of  the  food  production  sector,  oil  demand  declined  signifi- 
cantly in  each  of  these  industrial  sectors.  The  reduction  in  oil  use 
by  the  remaining  large  users  —  pulp  and  paper,  chemical,  and 
textile  industries  —  represented  49  percent  of  the  industrial  sec- 
tor's decline  in  oil  demand.  While  each  of  these  three  industries 
showed  a  decline  in  real  output  and  employment,  energy  con- 
sumption per  dollar  of  output  also  declined. 

The  constant  dollar  price  of  oil  delivered  to  the  industrial  sec- 
tor generally  followed  an  upward  trend  through  1981,  when  it  be- 
gan to  fall,  with  a  particularly  steep  decline  in  1986.  (See  Table 
27:  Industrial  Delivered  Fuel  Prices,  1976-1986.) 

Industrial  concerns  relied  increasingly  on  natural  gas  to  satisfy 
their  process  energy  needs  over  the  1976  to  1986  period  as 
natural  gas  usage  increased  in  every  SIC  category.  Total  indus- 
trial demand  for  natural  gas  increased  54  percent  during  this 
time,  jumping  from  19.3  million  to  32.6  million  MCF  per  year.  At 
the  end  of  the  10-year  period,  natural  gas  supplied  29  percent  of 


1.  Category  includes  a  large  portion  of  high-technology  industries. 
Source:  SAFER  Model 


Table  26 

Industrial  Process  Heat  Energy  Consumption  by  Fuel  Type 

1976-198&2 
(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 


1976 

152.22 

1977 

144.45 

1978 

134.58 

1979 

92.10 

1980 

87.43 

1981 

115.44 

1982 

112.93 

1983 

109.04 

1984 

1 1 1 .30 

1985 

110.86 

1986 

115.98 

Average  Annual 

Growth  Rate 

1976-1986 

-2.4% 

130.99 
119.64 
107.71 
69.72 
58.15 
83.06 
82.90 
73.71 
75.77 
75.15 
81.04 


3.8% 


19.86 
23.40 
25.67 
21.28 
28.11 
31.17 
28.50 
33.69 
33.90 
34.07 
33.37 


6.8% 


0.64 
0.62 
0.42 
0.40 
0.48 
0.42 
0.73 
0.86 
0.85 
0.87 
0.82 


2.8% 


0.73 
0.78 
0.77 
0.71 
0.70 
0.80 
0.81 
0.78 
0.78 
0.76 
0.75 


0.3% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Utility  sales  only. 
Source:  SAFER  Model 
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Figure  16 

Industrial  Process  Heat  Energy  Consumption  by  Fuel  Type 

1976-1986 
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Table  27 

Industrial 

Delivered  Fuel  Prices 

1976-1986' 


Current  Dollars 


Oil 

(Gallon) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Electricity 

(KWH) 


0.28 
0.32 
0.31 
0.45 
0.69 
0.83 
0.74 
0.72 
0.70 
0.69 
0.39 


2.54 
2.64 
3.05 
3.28 
4.19 
5.13 
5.67 
5.67 
5.64 
5.67 
5.51 


41.07 
47.39 
50.30 
47.87 
51.52 
50.06 
52.25 
54.43 
54.43 
54.10 
66.65 


1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


0.04 
0.04 
0.04 
0.05 
0.06 
0.07 
0.07 
0.07 
0.08 
0.08 
0.08 


Oil 

(Gallon) 


0.27 
0.28 
0.26 
0.34 
0.45 
0.49 
0.41 
0.39 
0.36 
0.35 
0.19 


Constant  Dollars  (1975$) 


Gas 

(MCF) 


2.40 
2.35 
2.52 
2.43 
2.73 
3.03 
3.16 
3.06 
2.92 
2.86 
2.72 


Coal 

(S.Ton) 


38.82 
42.05 
41.45 
35.44 
33.61 
29.58 
29.10 
29.37 
28.16 
27.26 
32.95 


Electricity 

(KWH) 


0.04 
0.04 
0.03 
0.03 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
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the  industrial  sector's  process  energy,  more  than  twice  the  13 
percent  recorded  in  1976.  The  largest  consumers  were  the  textile, 
food  and  kindred  products,  pulp  and  paper,  and  fabricated  metals 
industries.  In  1986,  these  four  industrial  categories  consumed  44 
percent  of  the  gas  demanded  by  the  industrial  sector. 

The  constant  dollar  delivered  natural  gas  price  rose  14  percent 
between  1976  and  1986,  increasing  from  $2.40  to  $2.72  (1975$) 
per  thousand  cubic  feet  (MCF),  an  increase  substantially  smaller 
than  the  one  that  occurred  for  oil  if  1986  is  excluded.  This  rela- 
tive price  movement  explains  in  large  part  the  increase  in  gas 
consumption  despite  higher  gas  prices. 

As  in  the  residential  and  commercial  sectors,  coal  accounts  for 
a  small  fraction  of  the  energy  provided  to  the  industrial  sector. 
Coal  supplied  two  percent  of  the  total  BTUs  consumed  by  the 
sector  in  1986.  The  fuel  is  used  to  produce  process  heat  in  five 
industries:  fabricated  metals,  pulp  and  paper  products,  furniture 
and  fixtures,  rubber,  and  leather  products.  Constant  dollar  coal 
prices  declined  from  $38.82  to  $32.95  (1975$)  per  ton  between 
1976  and  1986. 

Electricity  supplies  less  than  one  percent  of  the  energy  used 
for  industrial  process  heating.  It  is  used  primarily  for  other  pur- 
poses. (See  Table  28:  Industrial  Electricity  Consumption  by  End- 
Use,  1976-1986.) 


Electricity  Use 

Electricity  provided  the  industrial  sector  with  6.7  TBTUs  more 
energy  in  1986  than  in  1976,  an  increase  of  25  percent.  Fourteen 
percent  of  the  sector's  energy  came  from  electricity  in  1976;  by 
1986  this  share  had  expanded  to  20  percent.  The  largest  con- 
sumers of  electricity  are  the  electrical  machinery,  non-electrical 
machinery,  pulp  and  paper,  and  rubber  products  industries. 

Four  industrial  categories  —  non-electrical  machinery,  electri- 
cal machinery,  instruments,  and  miscellaneous  manufacturing  — 
are  generally  referred  to  as  the  high-technology  industry 
categories.  The  energy  consumption  patterns  of  these  industries 
will  be  particularly  important  in  the  future  since  they  are  expected 
to  grow  at  a  more  rapid  rate  than  most  other  industries.  Relative 
to  traditional  industry,  the  high-technology  industries  rely  more  on 
electricity  as  an  energy  input.  For  example,  over  the  past  10  years 
growth  in  electricity  use  by  the  non-electrical  machinery  industry 
accounted  for  almost  30  percent  of  the  industrial  sector's  over- 
all increase. 

The  constant  dollar  price  of  electricity  for  the  industrial  sector 
remained  relatively  stable  over  the  1976  to  1986  period. 


Table  28 

Industrial 

Electricity  Consumption  by  End-Use 

1976-1 986' Z3 

(GWH) 


Total 


Process 
Heat 


Lighting 


AC 


Misc. 


1976 

8,309 

1977 

8,672 

1978 

8,930 

1979 

9,262 

1980 

9,172 

1981 

9,206 

1982 

8,696 

1983 

9,251 

1984 

9,978 

1985 

10,044 

1986 

10,202 

Average  Annual 

Growth  Rate 

1976-1986 

2.3% 

213 
230 
227 
209 
204 
233 
236 
230 
228 
223 
219 

0.3% 


200 
203 
203 
205 
202 
197 
180 
189 
191 
195 
206 

0.3% 


155 
165 
174 
186 
184 
180 
121 
135 
136 
134 
142 

-0.8% 


7,741 
8,075 
8,327 
8,662 
8,582 
8,595 
8,159 
8,697 
9,422 
9,491 
9,635 

2.4% 


1.  End-use  data  estimates  based  on  actual  total  consumption  data. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Includes  both  utility  sales  and  self-generated  electricity. 
Source:  SAFER  Model 
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Transportation  Energy  Consumption 
and  Prices 

The  changes  in  energy  consumption  patterns  in  the  transpor- 
tation sector  over  the  last  10  years  illustrate  the  point  that  energy 
conservation  does  not  have  to  mean  sacrifice  of  life  style  prefer- 
ences. As  shown  in  Table  29,  although  the  number  of  vehicles 
and  vehicle-miles  traveled  in  Massachusetts  have  increased  by 
34  percent  and  40  percent  respectively  over  the  last  decade,  to- 
tal energy  consumption  by  motor  vehicles  has  generally  declined, 
although  there  have  been  some  year-to-year  fluctuations  in  de- 
mand. (See  Table  30:  Transportation  Energy  Consumption  by 
End-Use,  1976-1986.) 

This  drop  in  vehicle  fuel  consumption  is  the  result  of  an  esti- 
mated 36  percent  improvement  in  operating  efficiency  (i.e.,  actual 
miles  per  gallon  as  opposed  to  rated  mileage)  on  average, 
roughly  offsetting  the  increases  in  the  number  of  vehicles  and 
miles  driven  in  the  Commonwealth.  This  improvement  in  oper- 
ating efficiency  is  due  to  several  factors:  changes  in  consumer 
preferences,  to  smaller,  more  fuel  efficient  models,  in  part  a 
response  to  gasoline  price  increases;  government  regulation  in 
the  form  of  federal  fuel  efficiency  (CAFE)  standards  and  the  55 
m.p.h.  speed  limit;  and  technological  advances.  Trends  in  gaso- 
line prices  and  average  motor  vehicle  fuel  efficiency  over  the  last 
decade  are  presented  in  Table  31. 

The  second  largest  category  of  energy  consumption  in  the 


Table  29 

Massachusetts 

Registered  Vehicles  and 

Vehicle-Miles 


Registered 

Annual  Vehicle  Miles 

Vehicles 

(Millions) 

1975 

3,211,790 

29,100 

1976 

3,317,770 

29,973 

1977 

3,448,885 

33,779 

1978 

3,599,688 

35,053 

1979 

3,693,124 

35,178 

1980 

3,822,964 

35,390 

1981 

3,839,088 

35,948 

1982 

3,819,903 

36,666 

1983 

3,822,713 

37,541 

1984 

3,997,636 

38,537 

1985 

4,083,017 

39,696 

1986 

4,319,470  (prelim.) 

40,603 

Sources:  U.S.  Department  of  Transportation,  Federal  Highway  Admin- 
istration; Massachusetts  Registry  of  Motor  Vehicles;  Massa- 
chusetts Executive  Office  of  Transportation  and  Construction 


Table  30 

Transportation 

Energy  Consumption  by  End-Use 

1976-1986' 

(TBTUs) 


Motor 

Total 

Vehicles2 

Bus 

Train 

Plane 

Marine 

1976 

378.80 

311.42 

3.17 

2.19 

46.40 

15.63 

1977 

383.70 

311.07 

3.35 

0.90 

51.00 

17.38 

1978 

384.90 

314.79 

3.65 

0.54 

49.60 

16.33 

1979 

383.90 

309.42 

3.74 

0.66 

50.70 

19.38 

1980 

355.80 

281.42 

3.72 

0.62 

49.80 

20.23 

1981 

356.20 

286.33 

4.00 

0.62 

45.40 

19.85 

1982 

360.40 

295.47 

4.22 

0.57 

43.20 

16.94 

1983 

365.00 

299.44 

4.29 

0.57 

45.10 

15.60 

1984 

380.80 

308.96 

4.49 

0.55 

51.20 

15.60 

1985 

365.36 

295.23 

4.39 

0.50 

49.60 

15.64 

1986 

378.78 

302.70 

4.51 

0.49 

53.56 

17.52 

Average  Annual 

" 

Growth  Rate 

1976-1986 

0% 

-0.3% 

4.2% 

-  7.8% 

1 .5% 

1 .2% 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  Excludes  buses. 
Source:  SAFER  Model 
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Table  31 

Massachusetts 

Gasoline  Prices  and  Motor  Vehicle  Efficiencies 

1976-1986 


Average  Motor 

Current 

Vehicle  Fuel 

S/Gallon 

1975$/Gallon1 

Efficiency23 

(Miles/Gallon) 

1976 

0.60 

0.57 

15.6 

1977 

0.64 

0.57 

15.6 

1978 

0.64 

0.53 

15.2 

1979 

0.87 

0.65 

17.2 

1980 

1.21 

0.79 

19.1 

1981 

1.35 

0.80 

20.7 

1982 

1.28 

0.71 

21.5 

1983 

1.22 

0.66 

22.1 

1984 

1.20 

0.62 

22.6 

1985 

1.20 

0.60 

22.7 

1986 

1.02 

0.50 

21.2 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

2.  Excludes  buses. 

3.  SAFER  Model  estimates. 
Source:  SAFER  Model 

transportation  sector  over  the  last  decade  was  aviation  fuel  — 
that  is,  fuel  burned  by  passenger  and  cargo  aircraft  —  which 
represented  14  percent  of  the  energy  consumed  by  the  sector  in 
1986.  Aircraft  fuel  use  generally  increased  between  1976  and 
1986,  as  shown  in  Table  30,  although  consumption  did  decline 
somewhat  in  the  early  1980s.  Overall,  aviation  fuel  consumption 
increased  by  17  percent  over  the  decade  while  average  fuel  ef- 
ficiency remained  relatively  flat.  The  number  of  flights  grew 
rapidly  over  the  period,  with  the  number  of  passengers  embark- 
ing from  Massachusetts  on  large,  scheduled  U.S.  airliners  in- 
creasing by  an  estimated  92  percent. 

Energy  consumption  for  two  other  transportation  categories, 
marine  transportation  (shipping)  and  rail,  is  also  presented  in 
Table  30.  Marine  transportation  energy  use  increased  slightly 
through  1981  and  has  since  fallen  slowly.  Rail  energy  use  has 
fallen  steadily  as  other  forms  of  transportation  have  become  more 
popular  for  personal  travel  and  cargo  shipping. 


THE  ELECTRIC  INDUSTRY: 
TRENDS  IN  PRIMARY  ENERGY 
CONSUMPTION  AND  PRICES 

The  electric  industry  is  another  energy-consuming  sector  in  so- 
ciety. It  uses  primary  fuels,  like  oil,  natural  gas,  and  coal,  and 
other  energy  sources,  such  as  nuclear  fuel  and  wind,  water  and 


solar  power,  to  produce  electricity  which  is  then  consumed  in  the 
residential,  commercial,  industrial  and  transportation  sectors.  Be- 
cause of  this  transformation  process,  electricity  is  often  referred 
to  as  a  secondary  energy  source. 

Massachusetts'  Electric  Industry 

Massachusetts'  electric  utilities  have  relied  and  continue  to  rely 
on  oil  as  the  principal  fuel  for  electricity  generation.  In  1976,  66 
percent  of  Massachusetts'  electricity  (gigawatthours)  was  gener- 
ated by  oil-fired  power  plants.  By  1986,  oil-fired  power  plants  ac- 
counted for  only  50  percent  of  all  electricity  generated;  however, 
this  still  represents  a  heavy  dependence  on  oil  relative  to  other 
areas  of  the  United  States.  (See  Table  32:  Electricity  Generated 
by  Fuel  Type,  1976-1986.)  Because  of  its  reliance  on  oil,  the  elec- 
tric utility  industry,  and,  therefore,  Massachusetts'  electricity  con- 
sumers were  particularly  hard  hit  by  the  oil  price  increases  of  the 
1970s,  which  resulted  in  higher  costs  for  the  industry  that  trans- 
lated into  higher  electricity  prices  for  consumers. 

The  effects  of  oil  price  increases  on  the  industry  were  exacer- 
bated by  two  other  factors.  First,  Massachusetts'  position  at  the 
end  of  the  natural  gas  pipeline  and  far  from  coal  supplies  and 
easy  access  to  transportation  initially  limited  opportunities  for 
switching  fuels.  The  second  factor  exacerbating  the  impacts  of  oil 
price  increases  on  the  electric  utility  industry  was  utility  involve- 
ment in  large  power  plant  construction  programs.  In  response  to 
rapidly  increasing  demand  for  electricity  in  the  early  1970s,  the 
Massachusetts'  electric  industry,  in  concert  with  the  other  New 
England  utilities,  had  begun  planning  and  constructing  several 
large  generating  stations.  When  the  oil  crisis  of  1973  hit,  and  oil 
prices  increased,  raising  electricity  prices,  demand  growth  slowed 
dramatically.  Several  utilities  found  themselves  involved  in  con- 
struction of  plants  that  were  no  longer  needed  and  the  costs  of 
these  plants  were  expected  to  drive  electricity  demand  down  even 
further.  Consequently,  several  plants  which  were  to  serve  Massa- 
chusetts' customers  were  cancelled  in  the  last  10  years,  includ- 
ing Pilgrim  II,  Charlestown  I  and  II,  Montague  I  and  II,  and,  most 
recently,  Seabrook  II.  (See  Table  33:  Cancelled  Electric  Utility 
Plants  by  Year  and  Company.) 


Trends  in  Energy  Consumption  and 
Prices 

Overall  fossil  fuel  consumption  (oil,  natural  gas  and  coal)  by  the 
electric  utility  sector  has  increased  by  29  percent  over  the  last  10 
years,  although  there  have  been  substantial  year  to  year  fluctu- 
ations both  in  total  fuel  consumption  and  among  the  fuels.  The 
variation  in  total  fossil  fuel  usage  has  been  due  to  the  level  of 
electricity  demanded  and  the  mix  of  fossil  and  non-fossil  fuel-fired 
generation  available.  Variations  in  consumption  among  fossil  fuels 
were  largely  due  to  power  plant  conversions.  Table  34  and  Figure 
17  illustrate  the  pattern  of  fossil  fuel  consumption  by  the  electric 
utility  sector  from  1976  to  1986. 

Generating  Capacity  Changes:  Between  1976  and  1986 
Massachusetts'  effective  electric  generating  capacity  increased 
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Table  32 

Electricity  Generated 

by  Fuel  Type 

1976-1986™ 

(GWH) 

Total 

Oil 

Gas3 

Coal 

1976 

32,912 

21 ,674 

131 

0 

1977 

33,239 

21,958 

188 

0 

1978 

34,435 

22,501 

237 

0 

1979 

32,681 

21,203 

111 

0 

1980 

33,587 

22,652 

556 

981 

1981 

32,674 

19,737 

338 

1,504 

1982 

33,146 

16,443 

419 

5,014 

1983 

34,616 

16,323 

915 

6,073 

1984 

36,448 

17,040 

1,645 

7,370 

1985 

38,044 

15,907 

2,107 

8,385 

1986 

37,769 

18,849 

1,312 

8,429 

Nuclear 


Hydro 


8,986 
9,109 
10,001 
9,537 
8,010 
9,200 
9,454 
9,366 
8,487 
9,733 
7,267 


2,121 
1,984 
1,696 
1,830 
1,388 
1,895 
1,816 
1,939 
1,906 
1,912 
1,912 


1.  Generation  to  meet  demand  within  Massachusetts. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Gas  burned  at  dual  fuel  (oil/gas)  plants. 
Source:  SAFER  Model 

Table  33 

Cancelled  Electric  Utility  Plants 
by  Year  and  Company 


Plant  Name 


Year 


Company 


Montague  I  and  II 
Pilgrim  II 
Charlestown  I  and 

Seabrook  II 


1980  Northeast  Utilities 

1981  Boston  Edison  Company 

1979  New  England  Electric 

System 

1984  Public  Service  of 

New  Hampshire,  others 


Source:  Utility  company  annual  reports 

by  a  net  amount  of  557  megawatts  (MW)  from  8235  MW  in  1976 
to  8792  MW  in  1986.  The  Stony  Brook  plant  at  353  MW  and  the 
Millstone  3  nuclear  power  plant  at  339  MW  were  the  largest  ad- 
ditions. Small  oil  and  gas  plants,  and  new  hydro  generation  ac- 
counted for  the  remaining  additions.  About  420  MW  of  capacity 
were  retired  over  this  same  period.  (See  Table  35:  Electric  Utility 
Generating  Capacity  by  Fuel  Type,  1976-1986  and  Table  36: 
Generating  Capacity  Additions  by  Fuel  Type,  1976-1986.) 

In  this  same  period  1800  MW  of  oil-fired  generation  were  con- 
verted to  coal.  (See  Table  37:  Electric  Utility  Coal  Conversions  by 
Company  and  Year.)  Beginning  in  1980,  New  England  Electric 
System,  parent  company  of  Massachusetts  Electric  Company, 
began  conversion  of  three  units  totalling  1150  MW  at  its  Brayton 
Point  station;  this  conversion  was  completed  in  1982.  Between 
1982  and  1984,  New  England  Electric  converted  another  three 


Table  34 

Electric  Utility 

Fossil  Fuel  Consumption 

1976-1986' 

(TBTUs) 

Total 

Oil 

Gas 

Coal 

1976 

255.3 

253.8 

1.5 

0 

1977 

295.1 

292.6 

2.5 

0 

1978 

297.9 

294.8 

3.1 

0 

1979 

308.0 

306.4 

1.6 

0 

1980 

296.2 

287.8 

7.1 

1.3 

1981 

314.5 

291.1 

5.3 

18.1 

1982 

285.6 

256.4 

7.1 

22.1 

1983 

297.7 

198.2 

15.8 

83.7 

1984 

289.6 

134.0 

25.5 

130.1 

1985 

297.5 

114.6 

34.8 

148.1 

1986 

330.3 

159.9 

21.5 

148.8 

Average  Annual 

Growth  Rate 

1976-1986 

2.9% 

-3.7% 

133.3% 

Not  Defined 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 
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Figure  17 

Electric  Utility 

Fossil  Fuel  Consumption 

1976-1986 


Table  36 

Generating  Capacity  Additions  by  Fuel  Type 

1976-1986 

(MW) 


TBTUs 

350 
300 
250 
200 
150 
100 
50 

A                 '          \ 

\ 

\ 

x/ 

/ 

^^L^^ 

°19 

76 

1978 

1980 

1982 

1984 

191 

36 

Oil 

Gas 

Coal 

Nuclear 

Hydro 

1976 

4671 

0 

0 

0 

0 

1977 

962 

0 

0 

0 

0 

1978 

1243 

0 

0 

0 

0 

1979 

0 

0 

0 

0 

0 

1980 

84 

0 

0 

0 

15 

1981 

3536 

1706 

0 

0 

117 

1982 

868 

0 

0 

0 

0 

1983 

19 

19 

0 

0 

41P 

1984 

0 

0 

0 

0 

3" 

1985 

0 

0 

0 

0 

0 

1986 

0 

0 

0 

33912 

0 

Oil 


Gas 


Coal 


1.  Canal  2 

2.  Potter  Combined  Cycle 

3.  W.F.  Wyman  4 

4.  Chicopee 

5.  Turner  Falls 

6.  Stony  Brook  (two  85  MW  gas  turbines  burn  gas  during  summer) 

7.  Lawrence  Hydro 

8.  Stony  Brook  Gas  Turbine 

9.  Ipswich  12  (gas  is  primary  fuel) 

10.  Ware  Hydro  and  Pawtucket  2 

11.  Marblehead 

12.  Massachusetts'  share  of  Millstone  3 
Source:  NEPOOL 


Table  35 

Electric  Utility 

Generating  Capacity  by  Fuel  Type 

1976-1986' 

(MW) 


Total 


Oil 


Gas' 


Coal 


Nuclear 


Hydro 


1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 


8,235 
8,313 
8,166 
8,166 
8,161 
8,470 
8,569 
8,489 
8,470 
8,460 
8,792 


6,255 
6,333 
6,186 
6,186 
5,820 
5,893 
4,738 
4,654 
4,510 
3,745 
3,745 


6 

6 

6 

6 

6 

176 

743 

743 

743 

1,498 

1,498 


0 

0 

0 

0 

360 

415 

1,103 

1,103 

1,225 

1,225 

1,225 


1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,832 


474 

474 

474 

474 

475 

486 

486 

490 

493 

493  | 

493 


1.  Capacity  to  meet  demand  within  Massachusetts. 

2.  Oil-fired  when  gas  unavailable  in  winter  months. 
Source:  SAFER  Model 
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generating  units,  with  total  capacity  of  320  MW,  at  its  Salem  Har- 
bor station.  Two  smaller  coal  conversions  were  also  completed  in 
the  early  1980s.  Northeast  Utilities,  parent  company  of  Western 
Massachusetts  Electric  Company,  converted  its  148  MW  Mt.  Tom 
station  to  coal  by  1982,  and  Eastern  Utilities  Associates,  parent 
company  of  Eastern  Edison  Company,  converted  two  units  at  its 
Somerset  station  (186  MW)  to  coal  by  1984. 

During  this  same  time  period,  several  utilities  incorporated 
gas-burning  capability  at  some  of  their  oil-fired  power  plants.  (See 
Table  38:  Electric  Utility  Gas  Conversions  by  Company  and  Year.) 
The  Massachusetts  Municipal  Wholesale  Electric  Company 
(MMWEC)  converted  half  of  its  Stony  Brook  plant  to  burn  gas  and 
Boston  Edison  Company  developed  dual  fuel  capability  at  its  New 
Boston  units  and  one  of  its  Mystic  units.  Over  the  10-year  period 
about  1500  MW  of  generating  capacity  were  converted  from  oil- 
fired  to  a  combination  of  oil-  and  gas-fired. 

The  combination  of  additions  to  capacity  and  fuel  conversions 
has  increased  the  fuel  diversity  of  Massachusetts'  electric  gener- 
ating capacity.  Whereas  oil-fired  generation  accounted  for  about 
76  percent  of  generating  capacity  (megawatts)  and  66  percent  of 
electricity  generated  (gigawatthours)  in  1976,  by  1986  these 
shares  were  43  and  50  percent,  respectively.  ("Capacity"  refers  to 
the  nameplate  rating  (MW)  of  a  generating  unit,  or  its  full-load 
continuous  rating  when  the  unit  is  operated  under  the  conditions 
specified  by  its  manufacturer.  "Electricity  generated"  refers  to  the 
total  amount  of  electric  energy  (GWH)  produced  by  generating 
units  over  a  given  period  of  time,  such  as  a  year.)  Coal-fired  ca- 
pacity increased  from  zero  to  14  percent  of  Massachusetts'  ca- 
pacity, accounting  for  22  percent  of  electricity  generated  by  1986. 
The  amount  of  generating  capacity  capable  of  burning  natural 
gas  also  increased  over  the  last  decade,  accounting  for  less  than 
one  percent  in  1976  and  about  17  percent  in  1986.  The  amount 
of  electricity  actually  generated  by  natural  gas  has  fluctuated  as 
dual  fuel  units  switch  fuels  according  to  price  and  availability. 
While  nuclear  capacity  increased  from  18  to  21  percent  of 
Massachusetts'  generating  capacity  between  1976  and  1986,  the 

Table  37 

Massachusetts 

Electric  Utility  Coal  Conversions 

by  Company  and  Year 


Plant 


Capacity  Year  Company 

(MW)  Completed 


Brayton  Point 
Salem  Harbor 
Mt.  Tom 

Somerset  Station 
TOTAL 


1,150 


320 


148 


186 


1,804 


1982 


1982-1984 


1982 


1984 


New  England 
Electric  System 

New  England 
Electric  System 

Northeast 
Utilities 

Eastern  Utilities 
Associates 


Table  38 

Massachusetts 

Electric  Utility  Gas  Conversions 

by  Company  and  Year 


Plant 

Capacity 

Year 

Company 

(MW) 

Completed 

Stony  Brook 

170 

1981 

MMWEC 

New  Boston  1  and  2 

755 

1985 

Boston  Edison 
Company 

Mystic  Unit  #7 

567 

1982 

Boston  Edison 
Company 

TOTAL 

1,492 

Source:  Utility  company  annual  reports 


Source:  Utility  company  annual  reports 

amount  of  electricity  generated  has  varied  considerably  from  year 
to  year  as  a  result  of  the  availability  of  individual  plants.  It  has 
generally  accounted  for  about  25  percent  of  electricity  generated 
for  Massachusetts.  (See  Tables  32  and  35.) 

The  net  effect  of  these  generating  capacity  changes  on  primary 
fuel  consumption  was  to  greatly  reduce  the  electric  utility  sector's 
consumption  of  oil,  and  increase  its  consumption  of  coal  and 
natural  gas. 

Oil:  The  annual  use  of  oil  for  electricity  generation  fell  from 
4,028,571  barrels  in  1976  to  2,538,095  barrels  in  1986,  a  decline 
of  37  percent.  The  conversions  of  eight  generating  units  from  oil 
to  coal  and  several  others  to  gas  between  1980  and  1985  explain 
the  major  portion  of  this  decline.  Between  1980  and  1982  oil  con- 
sumption decreased  11  percent  as  the  Brayton  Point  and  Mt.  Tom 
conversions  got  under  way;  oil  consumption  declined  another  55 
percent  from  1982  to  1985  as  the  Brayton  Point  conversions  were 
completed  and  the  conversions  at  Salem  Harbor  station  and 
Somerset  took  place.  During  these  later  years,  the  ability  to  burn 
natural  gas  at  several  power  plants,  such  as  Boston  Edison  Com- 
pany's Mystic  7  and  New  Boston  units,  also  contributed  to  the 
decline  in  oil  consumption  by  the  electric  industry.  (See  Table  34.) 

Increasing  oil  prices  and  a  desire  for  a  more  diversified  fuel  mix 
were  the  primary  reasons  for  the  utility  sector's  conversion  of  oil- 
fired  capacity  to  coal  and  the  development  of  dual  fuel  capabil- 
ity at  several  other  units.  Between  1976  and  1981,  oil  prices  to  the 
electric  utility  industry  increased  almost  76  percent,  from  $12.74 
(1975$)  per  barrel  in  1976  to  $22.37  (1975$)  per  barrel  in  1981.  Be- 
tween 1981  and  1985  oil  prices  declined  gradually  to  about  $16.09 
(1975$)  per  barrel,  before  falling  almost  46  percent  in  one  year  to 
a  low  of  $8.73  (1975$)  per  barrel  in  1986.  (See  Table  39:  Electric 
Utility  Delivered  Fuel  Prices,  1976-1986.) 

Natural  Gas:  Over  the  last  decade,  natural  gas  became  an  in- 
creasingly important  fuel  for  electricity  generation  as  dual  fuel 
capability  was  developed  at  four  major  power  plants.  Gas  con- 
sumption rose  from  1.44  million  MCF  in  1976  to  a  high  of  33.46 
MCF  in  1985,  before  declining  to  20.67  MCF  in  1986.  Variations 
in  natural  gas  consumption  in  recent  years  have  been  due  to  the 
utilities'  ability  to  switch  fuels  between  oil  and  gas  at  various 
plants  in  response  to  changes  in  prices. 
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Table  39 

Electric  Utility 

Delivered  Fuel  Prices 

1976-1986' 


Current  Dollars 


Oil 

(Barrels) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Constant  Dollars  (1975$) 


Oil 

(Barrels) 


Gas 

(MCF) 


Coal 

(S.Ton) 


1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 


13.48 

1.88 

47.44 

15.25 

2.24 

54.06 

14.74 

2.40 

69.17 

20.54 

2.05 

75.53 

27.28 

3.98 

58.30 

37.86 

5.20 

82.68 

35.15 

5.54 

87.45 

31.37 

4.41 

63.87 

32.70 

4.88 

63.87 

31.94 

4.88 

63.63 

17.66 

4.63 

85.33 

12.74 

1.78 

44.84 

13.53 

1.98 

47.98 

12.15 

1.98 

57.00 

15.21 

1.52 

55.92 

17.80 

2.60 

38.03 

22.37 

3.07 

48.85 

19.58 

3.09 

48.70 

16.93 

2.38 

34.46 

16.92 

2.52 

33.04 

16.09 

2.46 

32.06 

8.73 

2.29 

42.19 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


Natural  gas  prices,  like  oil  prices,  increased  over  the  last  10 
years,  peaking  at  $3.09  (1975$)  per  MCF  in  1982,  up  74  percent 
from  $1.78  (1975$)  per  MCF  in  1976.  Since  1982,  natural  gas 
prices  have  declined  about  26  percent  reaching  $2.29  (1975$)  per 
MCF  in  1986.  Throughout  the  last  decade  until  1986,  natural  gas 
remained  less  expensive  than  oil  on  a  constant  dollar  per  million 
BTU  basis.  However,  the  price  advantage  of  gas  has  diminished 
over  time.  (See  Table  40  and  Figure  18:  Electric  Utility  Delivered 
Oil  and  Gas  Prices,  1976-1986.) 

Coal:  During  the  1970s  and  early  1980s,  virtually  no  coal  was 
consumed  to  produce  electricity  in  Massachusetts.  Since  1980, 
eight  generating  units  totalling  1800  MW  have  been  converted 
from  oil  to  coal  as  part  of  the  industry's  effort  to  diversify  its  fuel 
mix.  As  a  result,  coal  consumption  by  the  electric  industry  has  in- 
creased dramatically,  rising  from  zero  in  1979  to  49,056  tons  in 
1980  and  reaching  561,509  tons  in  1986.  Coal  prices  have  varied 
over  the  last  10  years,  increasing  in  the  late  1970s,  then  declin- 
ing slightly  and  then  increasing  between  1985  and  1986  to  about 
$42.00  (1975$)  per  ton,  a  level  roughly  equal  to  the  1976  price. 

Other  Resources:  Massachusetts'  electric  companies  provide 
electricity  for  consumers  from  other  resources  in  addition  to 
utility-owned  generating  stations.  The  companies  enter  into  long- 
and  short-term  power  purchase  contracts,  buy  power  from  small 
power  producers  and  cogenerators  under  the  provisions  of  the 
Public  Utility  Regulatory  Policies  Act  (PURPA)  of  1978,  and  rela- 
tively recently,  have  begun  to  pursue  conservation  and  load 
management  programs  to  increase  the  efficiency  with  which  elec- 
tricity is  used  by  their  customers.  Over  the  last  10  years,  power 
purchases  and,  to  a  lesser  extent,  small  power  and  cogeneration 


have  contributed  significantly  to  Massachusetts'  electricity 
supplies. 

Power  Purchases:  Massachusetts'  electric  industry  is  part  of 
the  New  England  electricity  generation,  transmission  and  distri- 
bution system.  Virtually  all  of  Massachusetts'  electric  companies 


Table  40 

Electric  Utility 

Delivered  Oil  and  Gas  Prices 

1976-198& 

Current  $/mmBTU 

1975$/mmBTU 

Oil 

Gas 

Oil 

Gas 

1976 

2.14 

1.81 

2.02 

1.71 

1977 

2.42 

2.15 

2.15 

1.91 

1978 

2.34 

2.31 

1.93 

1.90 

1979 

3.26 

1.97 

2.41 

1.46 

1980 

4.33 

3.83 

2.82 

2.50 

1981 

6.01 

5.00 

3.55 

2.95 

1982 

5.58 

5.33 

3.11 

2.97 

1983 

4.98 

4.24 

2.69 

2.29 

1984 

5.19 

4.69 

2.69 

2.43 

1985 

5.07 

4.69 

2.55 

2.36 

1986 

2.80 

4.45 

1.39 

2.20 

1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 
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Figure  18 

Electric  Utility 

Delivered  Oil  and  Gas  Prices 

1976-1986 
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are  members  of  the  New  England  Power  Pool  (NEPOOL),  an  as- 
sociation of  the  region's  utilities,  that  directs  the  operations  of  the 
region's  power  plants  as  if  they  were  part  of  one  utility  system. 
(See  the  Electricity  Supply  section  of  Chapter  3  for  a  more  exten- 
sive discussion  of  NEPOOL  and  the  regional  electricity  system.) 
This  arrangement  facilitates  both  short-  and  long-term  power  pur- 
chases among  the  utilities  in  the  region.  Over  the  last  10  years, 
Massachusetts'  companies  have  been  net  purchasers  of  between 
2500  and  5000  gigawatthours  per  year  from  other  utilities  in  New 
England.  These  purchases  constituted  approximately  seven  to  12 
percent  of  Massachusetts'  total  electricity  supplies  in  any  one 
year.  (See  Table  41:  Massachusetts  Utilities  Power  Purchases  by 
Year  and  Fuel,  1976-1986  and  Table  42:  Massachusetts  Total  Elec- 
tricity Supplies:  Generation,  1976-1986.)  Purchases  vary  from  year 
to  year  based  on  demand  for  electricity  in  Massachusetts  and  the 
rest  of  the  region. 

Another  category  of  purchases  made  by  Massachusetts'  utili- 
ties is  long-term  contracts  for  firm  capacity.  Over  the  last  10  years, 
the  number  and  size  of  these  contracts  have  increased.  They  in- 
clude contracts  for  firm  capacity  with  other  utilities  within  New 
England,  as  well  as  contracts  for  capacity  from  Canadian  power 
plants  and  utilities,  such  as  Boston  Edison  Company's  purchase 
of  power  from  Pt.  Lepreau  in  New  Brunswick.  Including  pur- 
chases of  Canadian  hydro  power  from  Quebec  under  the 
Hydro-Quebec  Phase  I  agreement,  total  firm  purchases  have 
reached  the  equivalent  of  about  5  percent  of  Massachusetts' 
generating  capacity  in  1986.  (See  Table  43:  Massachusetts  Total 
Electricity  Supplies:  Capacity,  1976-1986.) 

Small  Power  and  Degeneration:  Another  source  of  electricity 
capacity  that  has  grown  in  importance  in  the  last  10  years  has 


1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 


Total 


3,440 
3,367 
2,471 
4,995 
2,680 
4,857 
5,289 
2,855 
4,158 
4,008 
4,672 


Table  41 

Massachusetts  Utilities 

Power  Purchases  by  Year  and  Fuel 

1976-1986' 

(GWH) 


Oil  &  Gas 


22 
22 
58 

31 

122 

18 

14 

49 

142 

150 

274 


1.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 
Source:  SAFER  Model 


2,979 
2,903 
1,972 
4,507 
2,106 
4,383 
4,814 
2,327 
3,503 
3,333 
3,856 


Nuclear 


439 
442 
441 
457 
452 
456 
460 
479 
514 
524 
542 


Hydro 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 


36,785 
36,970 
36,906 
38,212 
37,863 
38,091 
38,526 
40,081 
42,982 
43,867 
45,339 


Table  42 

Massachusetts 

Total  Electricity  Supplies:  Generation 

1976-1986™ 

(GWH) 


Small  Power 

Utility 

Short-term 

Firm 

Producer 

Total 

Generation 

Purchases 

Purchases 

Purchases3 

32,912 
33,239 
34,435 
32,681 
33,587 
32,674 
33,146 
34,616 
36,448 
38,044 
37,769 


3,440 
3,367 
2,471 
4,995 
2,680 
4,857 
5,289 
2,855 
4,158 
4,008 
4,672 


433 

364 
0 

535 
1,577 

541 
0 
2,517 
2,283 
1,697 
2,217 


0 

0 

0 

0 

19 

19 

92 

93 

93 

118 

680 


1.  Generation  to  meet  demand  within  Massachusetts. 

2.  1976-1984  actual  data;  1985-1986  SAFER  model  projections. 

3.  Based  on  data  from  New  England  Governors'  Conference,  Inc.  survey,  December  1986. 
Source:  SAFER  Model 


Table  43 

Massachusetts 

Total  Electricity  Supplies:  Capacity 

1976-1986' 

(MW) 


Small  Power 

Utility 

Firm 

Producer 

Total 

Capacity 

Purchases 

Purchases2 

1976 

8,311 

8,235 

76 

0 

1977 

8,377 

8,313 

64 

0 

1978 

8,166 

8,166 

0 

0 

1979 

8,263 

8,166 

94 

3 

1980 

8,441 

8,161 

277 

3 

1981 

8,580 

8,470 

95 

15 

1982 

8,584 

8,569 

0 

15 

1983 

8,946 

8,489 

442 

15 

1984 

8,890 

8,470 

401 

19 

1985 

8,867 

8,460 

298 

109 

1986 

9,536 

8,792 

625 

119 

1.  Capacity  to  meet  demand  within  Massachusetts. 

2.  Based  on  data  from  New  England  Governors'  Conference,  Inc.  survey, 
December  1986. 

Source:  SAFER  Model 
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been  power  sold  by  small  power  producers  and  cogenerators  to 
Massachusetts'  utilities  under  the  PURPA  provisions.  By  1986, 
this  capacity  accounted  for  about  one  and  a  half  percent  of 
Massachusetts'  generating  capacity.  It  is  expected  to  increase 
substantially  in  the  coming  years. 


Summary 

The  Massachusetts'  electric  industry  has  come  a  long  way  in. 
the  last  10  years  in  diversifying  its  electricity  generating  fuel  mix. 
In  1976,  two-thirds  of  Massachusetts'  electricity  was  produced  by 
oil,  about  27  percent  from  nuclear  power  plants,  and  six  percent 
by  hydro  power  stations.  Almost  no  coal  or  natural  gas  was  con- 
sumed to  generate  electricity.  By  1986  oil  accounted  for  about 
half  the  electricity  generated  for  Massachusetts,  coal  almost  one- 
fourth,  nuclear  about  20  percent,  natural  gas  about  four  percent, 
and  hydro  about  five  percent.  (See  Figure  19:  Massachusetts' 
Electric  Utilities'  Generation  Fuel  Mix,  1976  and  1986.)  In  addition 
to  diversifying  its  generating  capacity,  the  electric  industry  has 
also  turned  to  power  purchases,  long-term  firm  capacity  con- 
tracts, and  small  power  purchases  to  expand  the  number  of  elec- 
tricity supply  resources  serving  Massachusetts  customers.  While 
Massachusetts  continues  to  rely  heavily  on  oil  for  electricity 
production,  the  industry  has  made  and  continues  to  make 
progress  in  reducing  this  dependence. 
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Figure  19 

Massachusetts  Electric  Utilities 

Generation  Fuel  Mix,  1976 

(GWH) 


Massachusetts  Electric  Utilities 

Generation  Fuel  Mix,  1986 

(GWH) 


SUMMARY  DISCUSSION  -  WHAT 
THE  LAST  TEN  YEARS  MEANT 


The  last  10  years  have  been  a  period  of  change  and  adjust- 
ment in  Massachusetts'  energy  situation.  In  the  wake  of  the  1973 
oil  embargo  and  the  1979  oil  price  shock,  consumers  and  sup- 
pliers were  faced  with  a  new  energy  environment  characterized 
by  rising  costs  and  prices,  uncertain  supplies,  and  unpredictable 
demand.  From  1976  to  1978,  consumers,  industry  and  businesses 
worked  to  adjust  to  this  new  environment.  Energy  consumption, 
particularly  oil  consumption,  declined  and  efficiency  increased. 
Subtle  changes  in  the  relationship  between  the  economy  and  the 
energy  market  began  to  take  place.  With  the  economy  using 
energy  more  efficiently,  the  rate  of  economic  growth  began  to  ex- 
ceed the  rate  of  growth  in  total  energy  demand.  Energy 
producers  and  suppliers  also  began  to  realize  that  they  would 
have  to  plan  and  respond  to  world  events  differently. 

Today,  in  contrast,  Massachusetts'  consumers  are  seeing  low 
oil  prices  in  the  wake  of  the  collapse  of  oil  prices  in  1986,  and 
natural  gas  and  electricity  prices  have  also  stabilized  or  declined. 
These  lower  energy  prices  have  helped  to  sustain  the  economic 
upturn  Massachusetts  has  been  experiencing  the  last  few  years. 
Now,  the  adequacy  of  supplies  rather  than  their  cost  has  become 
the  issue  of  critical  interest.  However,  costs  and  prices  continue 
to  be  an  underlying  concern  for  Massachusetts'  energy  con- 
sumers. 

The  major  cause  of  this  concern  is  the  fact  that  Massachusetts' 
consumers  and  industry  cannot  control  imported  oil  prices  and 
supply.  Because  Massachusetts'  economy  and  industry  deve- 
loped during  a  long  period  of  low  and  stable  oil  prices,  they  came 
to  rely  heavily  on  oil  as  an  economic  source  of  energy.  To  the  ex- 
tent that  this  reliance  continues,  and  perhaps  grows,  it  contrib- 
utes to  Massachusetts'  vulnerability  to  potential  oil  price  shocks 
and  supply  disruptions.  As  can  be  seen  from  the  events  of  the 
last  decade,  Massachusetts'  reliance  on  oil  has  affected  not  just 
the  industries  and  households  which  utilize  oil  directly,  but  virtu- 
ally all  of  the  major  energy  resources  available. 

In  the  oil  market,  higher  oil  prices  drove  down  oil  consumption 
over  the  last  decade  making  Massachusetts  today  less  vulner- 
able to  the  effects  of  a  potential  oil  shock  than  it  was  in  1976, 
despite  the  recent  increases  in  its  use  of  imported  oil  as  a  per- 
centage of  total  oil  consumed.  Higher  oil  prices  also  played  a  role 
in  the  restructuring  of  local  industry,  as  high  technology  sectors 
increasingly  replaced  more  traditional,  oil-consuming  industries. 
Massachusetts'  industry  has  also  increasingly  converted  its  major 
process  heating  systems  to  a  dual  fuel  capability,  thereby  allow- 
ing it  to  switch  fuels  quickly  in  response  to  changing  prices  and 
supply  constraints. 

Natural  gas  use  expanded  rapidly  over  the  last  decade  as  it 
was  substituted  for  oil.  Contrary  to  earlier  expectations,  national 
supplies  moved  from  a  state  of  scarcity,  largely  the  result  of 
prolonged  price  regulation,  to  the  current  state  of  surplus.  Pipe- 
line capacity  to  deliver  those  supplies  to  Massachusetts,  however, 
continues  to  be  a  constraint,  especially  in  the  winter  when 
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residential  demand  is  highest.  Oil  remains,  for  many  large  users 
and  particularly  for  electric  utilities,  a  back-up  fuel  to  natural  gas. 

Oil  prices  and  availability  have  also  affected  electricity  prices 
and  supply  in  several  ways.  First  and  most  directly,  changes  in 
the  cost  and  availability  of  oil  affect  the  price,  and  potentially  the 
supply,  of  electricity  from  oil-fired  electric  generating  stations. 
While  Massachusetts  has  dramatically  decreased  its  reliance  on 
oil-fired  electric  generating  capacity  over  the  last  10  years,  today 
it  still  relies  on  oil-fired  power  plants  for  almost  50  percent  of  the 
electricity  its  citizens  and  businesses  consume.  This  reliance 
leaves  Massachusetts'  electricity  consumers  vulnerable  to  in- 
creases in  oil  prices  due  to  either  supply  disruptions  or  price  set- 
ting by  OPEC. 

Another  important  consequence  of  the  relationship  between  oil 
and  electricity  is  less  direct.  Inexpensive  oil,  in  combination  with 
economies  of  scale  in  power  plant  size,  contributed  to  the  avail- 
ability of  ever  increasing  amounts  of  low-cost  electricity  during  the 
1960s.  Utility  companies  in  the  early  1970s  planned  for  future 
electricity  demand  based  on  their  past  experience  —  average 
annual  growth  in  demand  of  six  to  seven  percent  given  the 
declining  real  price  of  electricity.  Therefore,  into  the  1970s,  many 
electric  utility  companies,  expecting  electricity  demand  to  grow  at 
historic  rates,  continued  to  commit  to  the  construction  of  large 
blocks  of  new  generating  capacity. 

However,  in  the  mid-1970s  electricity  demand  growth  rates 
declined  dramatically,  from  six  to  seven  percent  per  year  to  less 


than  two  percent.  Many  electric  utility  companies  found  them- 
selves in  a  situation  of  excess  generating  capacity,  the  costs  of 
which  would  have  to  be  shared  over  a  base  with  fewer  customers 
than  the  companies  had  anticipated.  Completion  of  several  power 
plants  already  under  construction  was  cancelled,  and  utilities  be- 
gan to  explore  alternative  ways,  such  as  cogeneration,  small 
power,  conservation  and  load  management,  to  provide  electricity 
when  more  would  be  demanded  by  customers. 

What  this  brief  overview  of  the  last  10  years  of  Massachusetts' 
energy  situation  illustrates  is  the  primary  role  played  by  oil  prices 
and  supplies.  Oil  prices  and  supply  have  had  an  impact  not  only 
on  Massachusetts'  markets  for  petroleum  products  (e.g.,  home 
heating  oil,  gasoline,  and  aviation  fuels),  but  also  on  Massachu- 
setts' other  major  energy  markets  —  natural  gas  and  electricity  — 
and  they  will  continue  to  have  an  important  impact  on  Massachu- 
setts' energy  future.  This  does  not  mean,  however,  that  Massa- 
chusetts must  remain  hostage  to  events  beyond  its  control. 
Rather,  the  significance  of  the  particulars  of  Massachusetts' 
energy  situation  means  that  Massachusetts  must  manage  its  reli- 
ance on  imported  energy.  Oil  prices  may  be  low  today,  but  that 
does  not  mean  Massachusetts'  consumers  and  energy  industries 
can  rely  on  their  remaining  so.  Now  is  the  time  to  pursue  ways 
of  reducing  Massachusetts'  vulnerability  to  price  and  supply  un- 
certainties and  to  plan  for  an  energy  future  for  Massachusetts 
that  will  allow  for  flexible  responses  to  changing  circumstances, 
either  foreseen  or  unforeseen,  in  energy  markets. 
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Chapter  3 

MASSACHUSETTS'  ENERGY  FUTURE 

THE  NEXT  TEN  YEARS:  1987  TO  1997 


INTRODUCTION  -  WHAT  THE 
NEXT  TEN  YEARS  CAN  HOLD 

The  Executive  Office  of  Energy  Resources'  forecast  of  Massa- 
chusetts' energy  future  over  the  next  10  years  is  a  view  of  what 
this  energy  future  can  be.  It  is  built  on  two  broad  lessons  that  can 
be  drawn  from  the  experience  of  the  last  10  years.  First,  as  has 
been  the  goal  of  EOER,  Massachusetts'  energy  policy  and  de- 
velopment of  future  energy  resources  must  be  directed  toward 
reducing  energy  price  and  supply  instability.  While  high  costs  and 
inadequate  supplies  are  a  burden  on  the  Commonwealth's  econ- 
omy, rapidly  changing  prices  and  uncertainty  regarding  the  ade- 
quacy of  supplies  create  more  difficult  problems  for  consumers, 
businesses  and  industries.  Promoting  energy  price  and  supply 
stability  and  reducing  uncertainty  will  involve  further  reducing 
Massachusetts'  reliance  on  energy  sources  outside  its  control,  be 
they  OPEC  oil  or  other  similarly  unreliable  power  sources.  It  will 
also  involve  further  decoupling,  or  adjusting,  the  relationship  be- 
tween energy  use  and  economic  activity  to  reduce  the  effect  that 
swings  in  energy  prices  and  supplies  will  have  on  the  Common- 
wealth's economic  base.  Policies  and  development  of  future 
energy  sources  should  be  directed  toward  increasing  energy  ef- 
ficiency in  the  economy,  thereby  reducing  costs  and  enhancing 
Massachusetts'  competitive  position. 

A  second  lesson  flows  from  the  first.  Adopting  a  long-term, 
least-cost  integrated  planning  perspective  is  critical  to  the  safety 
and  security  of  Massachusetts'  energy  future.  Such  a  perspective 
will  ensure  that  Massachusetts'  energy  policy  and  development 
of  new  resources  will  work  to  reduce  energy  price  instability  and 
supply  uncertainty  in  a  coherent,  economic  and  environmentally 
sound  manner.  Because  many  events  are  not  predictable  and 
cannot  be  controlled,  planning  directed  to  flexibly  responding  to 
and  addressing  the  possibility  of  these  events  and  their  conse- 
quences must  take  place.  Only  by  planning  for  and  securing 
long-term,  least-cost  energy  supplies  can  the  continued  economic 
health  and  growth  of  Massachusetts  be  assured. 

The  remainder  of  this  chapter  is  divided  into  four  sections.  In 
the  following  section,  EOER's  view  of  the  future  and  several  key 
inputs  to  the  forecast  are  discussed.  The  next  section  contains  a 
10-year  forecast  of  aggregate  trends  in  energy  demand  and 
prices,  followed  by  a  more  detailed  discussion  of  energy  con- 
sumption by  sector  and  end-use.  The  chapter  concludes  with  a 
description  of  existing  and  future  energy  supply  resources. 


EOER'S  VIEW  OF  THE  FUTURE 

The  purpose  of  this  section  is  to  describe  EOER's  view  of  the 
future  and  explain  the  assumptions  used  in  developing  EOER's 
forecast  of  energy  resources.  These  assumptions  or  inputs  can 
be  divided  into  two  types:  assumptions  about  underlying  eco- 
nomic and  exogenous  factors,  such  as  wellhead  and  mine  mouth 
fossil  fuel  prices;  and  assumptions  about  energy  policies,  pro- 
grams and  other  factors  that  can  be  affected  by  the  actors  in 
Massachusetts'  energy  markets  be  they  consumers,  producers, 


suppliers,  or  government  policy  makers  and  regulators.  These  as- 
sumptions will  affect  the  resulting  forecasted  levels  of  energy  de- 
mand, prices  and  supply.  These  forecasted  levels  of  demand, 
prices  and  supply  will  in  turn  affect  each  other.  Any  change  in  any 
one  of  these  factors  may  result  in  a  changed  energy  forecast. 
EOER  has  recognized  the  dynamic  nature  of  energy  forecasting 
and  addressed  it,  in  part,  by  choosing  an  energy  forecasting 
methodology  —  system  dynamics  —  that  takes  into  account  the 
interactive  nature  of  demand,  prices  and  supply  in  the  energy 
market. 

EOER  has  developed  its  forecast  using  one  set  of  assumptions 
with  regard  to  projections  of  underlying  economic  growth  and  ex- 
ogenous fuel  prices.  It  is  recognized  that  major  deviations  from 
these  assumptions  will  affect  the  energy  forecast.  In  some  fore- 
cast reports,  this  possibility  is  addressed  by  presenting  several 
energy  forecasts  based  on  a  variety  of  underlying  assumptions. 
However,  EOER's  primary  focus  in  this  report,  and  in  its  forecast- 
ing efforts  generally,  is  on  assessing  the  impacts  of  various  ex- 
isting and  new  energy  policies.  Therefore,  to  keep  the  analysis 
relatively  uncomplicated,  EOER  has  chosen  to  build  on  only  one 
set  of  projections  regarding  underlying  factors.  This  forecast 
report  is  also  only  the  first  of  what  will  be  annual  reports;  projec- 
tions of  economic,  fossil  fuel  price,  and  other  underlying  factors 
will  be  updated  in  subsequent  reports. 

For  this  forecast  report,  EOER  has  explicitly  modeled  a 
scenario  based  upon  three  policies,  and  qualitatively  assessed  a 
fourth.  These  policies  are  described  in  greater  detail  later  in  this 
section.  Two  of  the  three  policies  which  were  explicitly  modeled 
are  already  in  place:  state  and  national  appliance  efficiency  stan- 
dards and  state  building  code  revisions.  The  extent  to  which  the 
third  policy  —  mandatory  time-of-use  rates  for  electricity  —  is  im- 
plemented, or  equivalent  policies  (e.g.,  utility  load  management 
programs)  implemented  will  affect  the  energy  forecast.  This  con- 
sideration is  discussed  in  the  demand  forecast  and  electricity 
supply  sections  of  this  chapter.  The  fourth  policy  —  Massachu- 
setts' new  PURPA  regulations  —  has  already  begun  to  be  im- 
plemented, however,  its  impact  is  not  yet  clear.  Therefore,  this 
policy  was  not  explicitly  modeled,  but  rather  discussed  generally. 

Other  policies  and  programs,  not  yet  considered,  are  likely  to 
be  implemented  over  the  next  10  years.  This  is  part  of  the  dy- 
namic nature  of  forecasting  and  one  of  the  reasons  why  EOER 
believes  it  appropriate  and  necessary  to  view  energy  forecasting 
as  an  ongoing  process.  With  the  publication  of  this  SAFER  report 
EOER  has  not  completed  its  forecasting  efforts.  The  SAFER 
project  is  part  of  EOER's  ongoing  policy  analysis  and  develop- 
ment efforts,  and  subsequent  annual  forecast  reports  will  update 
and  further  analyze  EOER's  view  of  Massachusetts'  energy  future. 

A  detailed  discussion  of  the  underlying  factors  and  policies 
modeled  and  considered  for  this  report  follows. 


Forecast  of  Economic  Growth 

Energy  is  not  a  product  which  is  desired  for  itself;  rather,  de- 
mand for  energy  is  what  is  known  as  a  "derived  demand".  It  is 
derived  from  the  demand  for  other  products  and  services  in  the 
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economy.  For  example,  people  want  heated  homes,  lit  and  air- 
conditioned  office  space,  steam  for  use  in  certain  industrial 
processes,  and  to  travel  from  one  place  to  another.  They  do  not 
want  oil,  natural  gas,  electricity  or  gasoline  per  se. 

The  level  of  products  and  services  demanded  and  produced 
constitute,  in  the  aggregate,  the  level  of  activity  in  the  economy. 
To  forecast  future  demand  for  energy  one  must,  as  a  first  step, 
have  an  expectation  of  future  levels  of  economic  activity.  The 
economic  forecast  used  to  develop  EOER's  forecast  of  Massa- 
chusetts' energy  future  was  developed  from  a  variety  of  sources. 
The  Commonwealth  of  Massachusetts,  through  the  Executive 
Office  of  Administration  and  Finance,  produces  its  own  short-term 
(three-year)  economic  forecast.  Its  1986  forecast  was  used  to 
project  the  level  of  economic  activity  in  Massachusetts  from  1987 
to  1989.  The  Commonwealth,  through  the  Department  of  Em- 
ployment Security,  produces  a  long-range  forecast  of  labor  ac- 
tivity which  has  been  used  to  develop  projections  of  economic  ac- 
tivity for  the  years  1990  to  1997.  (For  additional  detail  on  the 
economic  forecasts  used,  see  the  Technical  Appendix  published 
as  a  companion  volume  to  this  report.) 

Over  the  next  10  years,  the  Massachusetts  economy  as  a 
whole  is  projected  to  grow  at  a  healthy  average  annual  rate  of  2.6 
percent  in  constant  dollar  terms.  (An  inflation  rate  of  six  percent 
per  year  has  been  assumed.)  Within  that  10-year  period  growth 
rates  will  vary  from  year  to  year.  For  the  next  few  years,  through 
1989,  economic  growth  will  average  three  percent  per  year, 
somewhat  higher  than  the  10-year  average.  From  1990  through 
1997  overall  growth  is  expected  to  slow  somewhat,  averaging  2.3 
percent  per  year.  (See  Table  44:  Massachusetts  Economic 
Growth,  1986-1997.) 

Table  44 

Massachusetts  Economic  Growth 
1986-1997 


Real 

Gross  State 

Gross  State 

Annual 

Annual 

Product 

Product 

Growth 

Inflation 

(Millions  of 

(Millions  of 

Rate 

Rate 

Current  $) 

1975$) 

(%) 

(%) 

1986 

108,413 

53,598 

2.46 

2.001 

1987 

117,080 

54,813 

2.27 

6.00 

1988 

127,986 

56,741 

3.52 

6.00 

1989 

139,321 

58,491 

3.08 

6.00 

1990 

150,160 

59,698 

2.06 

6.00 

1991 

162,621 

60,936 

2.07 

6.00 

1992 

176,145 

62,208 

2.09 

6.00 

1993 

190,827 

63,519 

2.11 

6.00 

1994 

206,767 

64,868 

2.12 

6.00 

1995 

224,078 

66,257 

2.14 

6.00 

1996 

242,680 

67,696 

2.17 

6.00 

1997 

262,862 

69,175 

2.18 

6.00 

Average  Annual 

Growth  Rate 

1986-1997 

13.0% 

2.6% 

In  addition  to  varying  year  by  year,  economic  growth  rates  will 
also  differ  among  industries  and  in  the  residential  and  commer- 
cial sectors.  In  Massachusetts,  several  industrial  sectors,  partic- 
ularly the  ones  that  include  a  large  number  of  high-technology 
industries,  are  expected  to  continue  to  experience  rapid  growth 
(e.g.,  SIC  36,  electrical  machinery,  growing  at  an  average  rate  of 
over  eight  percent  per  year),  while  other  basic  industry  sectors 
are  projected  to  remain  stable  or  decline  (e.g.,  SIC  31,  leather 
products,  declining  at  about  two  percent  per  year). 

Generally,  all  of  the  industrial  categories  with  large  proportions 
of  high-technology  industries  —  non-electrical  machinery,  electri- 
cal machinery,  instruments  and  miscellaneous  manufacturing 
(SIC  35,  36,  38,  39)  —  are  expected  to  continue  to  grow.  Projected 
growth  rates  range  from  a  low  of  2.3  percent  per  year  for  SIC  39, 
the  miscellaneous  manufacturing  category,  to  a  high  of  8.7  per- 
cent per  year  for  SIC  36,  the  electrical  machinery  industry.  These 
four  industries  currently  account  for  50  percent  of  Massachusetts' 
total  industrial  output.  (See  Table  45:  Industrial  Sector  Output  by 
SIC  Category,  1986  and  1997) 

Table  45 

Industrial  Sector 

Output  by  SIC  Category 

1986  and  1997 


1986                  1997 

Average  Annual  Output 

SIC 

Output             Output 

Growth  Rate 

(Millions  of  1975$) 

(%) 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

351 

36 ' 

37 

381 

391 

Total 
Industry 


556 

321 

325 

83 

98 

563 

864 

501 

93 

419 

169 

243 

275 

910 

2,215 

2,572 

724 

1,108 

332 

12,370 


550 

374 

362 

80 

99 

649 

1,029 

738 

115 

496 

137 

229 

405 

1,098 

2,790 

5,024 

1,091 

1,703 

416 

17,383 


-0.1 
+  1.5 
+  1.0 
-0.3 
+  0.1 
+  1.4 
+  1.7 
+  4.3 
+  2.2 
+  1.7 
-1.7 
-0.5 
+  4.3 
+  1.9 
+  2.4 
+  8.7 
+  4.6 
+  4.9 
+  2.3 

+  3.7 


1.  Actual  1986  national  CPI  inflation  rate. 
Source:  SAFER  Model 


1.  Category  includes  a  large  portion  of  high  technology  industries. 
Source:  SAFER  Model 
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Performance  in  the  other  industrial  sectors  is  forecasted  to  be 
mixed.  Activity  in  several  sectors  is  projected  to  continue  to 
decline,  including  the  food  and  kindred  products  sector  (SIC  20) 
and  the  leather  products  sector  (SIC  31).  Activity  in  many  other 
sectors  is  expected  to  remain  relatively  constant. 

In  the  commercial  sector,  growth  is  expected  to  continue  to  re- 
main strong  throughout  the  next  decade,  growing  at  an  average 
annual  rate  of  well  over  three  percent  through  1989,  slowing  af- 
ter that  to  an  average  rate  of  just  under  two  percent  per  year. 
Growth  in  the  residential  sector,  which  is  dependent  on  growth  in 
the  industrial  and  commercial  sectors  and  can  be  interpreted  as 
growth  in  personal  income,  is  forecast  to  continue  at  an  average 
annual  rate  of  over  3.4  percent  through  1989  and  at  approximately 
2.3  percent  per  year  after  that  through  1997.  In  Massachusetts, 
where  skilled  labor  is  in  great  demand  and  unemployment  low, 
personal  income  growth  is  expected  to  exceed  economic  growth 
overall.  (See  Table  46:  Residential  and  Commercial  Sector  Eco- 
nomic Growth,  1986-1997.) 

A  sector-by-sector  breakdown  of  economic  activity  is  particu- 
larly crucial  when  developing  an  energy  forecast  because  energy 
use  characteristics  vary  greatly  by  industry  type.  From  an  energy 
consumption  perspective,  some  sectors  can  be  categorized  as 
"boiler"  industries  while  others  can  be  thought  of  as  "direct  heat" 

Table  46 

Residential  and  Commercial  Sector 

Economic  Growth 

1986-1997 


industries.  "Boiler"  industries  use  fuel  to  create  steam  for  use  in 
industrial  processes  whereas  "direct  heat"  industries  use  energy 
to  create  heat  which  is  used  directly  in  industrial  processes.  The 
high  technology  sectors  are  included  in  this  second  category. 
Their  pattern  of  energy  use,  especially  with  regard  to  electricity, 
resembles  that  of  the  commercial  sector.  The  energy-using 
characteristics  of  the  boiler  and  direct  heat  categories  of  indus- 
try differ  for  a  variety  of  reasons,  including  the  ability  to  switch 
fuels,  the  availability  of  appropriate  technologies  that  offer  the  op- 
portunity for  increasing  efficiencies,  and  the  nature  of  the  use  to 
which  energy  is  put.  (For  example,  some  processes  require  very 
"clean"  energy,  or  a  principal  end-use  may  be  lighting  and  there- 
fore, electricity  would  be  the  only  acceptable  energy  source). 
These  industry-by-industry  differences  in  energy  consumption 
have  been  taken  into  account  in  EOER's  forecast  of  future  energy 
consumption.  Economic  and  demographic  trends  in  the  residen- 
tial and  commercial  sectors  have  also  been  incorporated. 

Exogenous  Fuel  Prices 

In  addition  to  an  economic  forecast,  an  exogenous  forecast  of 
fossil  fuel  prices  has  been  used  to  develop  a  picture  of  Massa- 
chusetts' energy  future.  Because  primary  fossil  fuel  prices  are  not 
affected  by  actions  taken  in  Massachusetts,  it  is  appropriate  to 
view  them  as  exogenous  factors  influencing  Massachusetts' 
energy  situation.  The  Spring  1987  U.S.  Department  of  Energy 
(DOE)  long-term  fossil  fuel  price  forecast  for  oil,  natural  gas  and 
low-sulfur  coal  has  been  used  to  develop  an  exogenous  fuel  price 
forecast  for  Massachusetts.  (See  Table  47  and  Figure  20:  National 
Average  Wellhead  and  Mine  Mouth  Fuel  Prices,  1986-1997.) 


Residential 

Real 

Commercial 

Real 

Table  47 

(Personal 

Annual 

(Sector 

Annual 

National  Average 

Income) 

Growth 

Output) 

Growth 

Wellhead  and  Mine  Mouth  Fuel  Prices 

(Millions  of 

Rate 

(Millions  of 

Rate 

1986-1997 

1975$) 

48,297 
49,566 

(%) 

2.43 
2.63 

(1975$) 

41,228 
42,238 

(%) 

3.38 
2.45 

(1975$/mmBTU) 

1986 

Oil 

Gas 

Coal 

1987 

1986 

1.25 

0.91 

0.58 

1988 

51,514 

3.93 

43,699 

3.46 

1987 

1.56 

1.01 

0.59 

1989 

53,229 

3.33 

45,080 

3.16 

1988 

1.56 

1.11 

0.59 

1990 

54,457 

2.31 

45,869 

1.75 

1989 

1.64 

1.16 

0.60 

1991 

55,715 

2.31 

46,672 

1.75 

1990 

1.75 

1.18 

0.60 

1992 

57,001 

2.31 

47,488 

1.75 

1991 

1.84 

1.27 

0.61 

1993 

58,317 

2.31 

48,319 

1.75 

1992 
1993 

1.92 
2.03 

1.38 
1.50 

0.63 
0.64 

1994 

59,664 

2.31 

49,165 

1.75 

1994 

2.18 

1.63 

0.67 

1995 

61,041 

2.31 

50,025 

1.75 

1995 

2.27 

1.77 

0.68 

1996 

62,450 

2.31 

50,901 

1.75 

1996 

2.39 

1.86 

0.70 

1997 

63,892 

2.31 

51,792 

1.75 

1997 

2.47 

1.98 

0.72 

Average  Annual 

Growth  Rate 

Average  Annual 
Growth  Rate 

1976-1986 

2.7% 

3.1% 

1986-1997 

8.9% 

10.7% 

2.2% 

1986-1997 

2.9% 

2.3% 

C/Mir/\A>         Q<->^/-\.~l      sin      r-, 

^i/\^ti^n^     frAm     itiA      1    1    C 

r\^r>^w^^^>*  «<  c 

Source:  SAFER  Model 


Spring  1987. 


47 


State  Annual  Forecast  of  Energy  Resources 


Figure  20 

National  Average 

Wellhead  and  Mine  Mouth 

Fuel  Prices 

1986-1997 
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Oil:  Wellhead  oil  prices  (in  real  terms)  are  projected  to  remain 
stable  for  the  next  year  and  to  increase  at  an  average  annual  rate 
of  8.9  percent  from  1986  to  1997,  returning  to  1984  levels  by  1996. 
(See  Table  47.)  The  year-to-year  growth  rate  in  prices  throughout 
the  next  10  years  varies  from  3.3  percent  to  7.4  percent.  This 
compares  to  oil  price  increases  averaging  20  percent  per  year 
from  1976  to  1982,  followed  by  a  period  where  oil  prices  declined 
eight  percent  per  year  from  1982  to  1985  and  48  percent  in  one 
year  from  1985  to  1986.  Overall,  oil  prices  in  1987  are  slightly  less 
than  they  were  in  1976  in  real  terms. 

Natural  Gas:  Natural  gas  prices  at  the  wellhead  will  also  in- 
crease steadily  over  the  next  10  years,  but  will  remain  lower  than 
oil  prices  on  a  dollar  per  mmBTU  basis.  The  average  annual  rate 
of  increase  in  natural  gas  prices  is  projected  to  be  10.7  percent. 
(See  Table  47)  Year-to-year  growth  rates  range  from  1.7  percent 
to  9.9  percent.  The  10.7  percent  average  annual  growth  in  natural 
gas  prices  projected  for  the  next  10  years  compares  to  an  8.2 
percent  average  annual  growth  rate  for  the  last  10  years. 
However,  within  that  10-year  period,  year-to-year  changes  in  price 
ranged  from  a  decline  of  22  percent  in  1986  to  an  increase  of  28 
percent  in  1977. 

Coal:  Coal  prices  are  also  projected  to  increase  in  the  next  10 
years  but  at  a  slower  rate  than  either  oil  or  natural  gas  prices. 
Average  annual  growth  in  coal  prices  is  expected  to  be  about  2.2 
percent  and  year-to-year  increases  are  fairly  steady  throughout 
the  period.  (See  Table  47.)  Growth  in  coal  prices  for  the  next  10 


years  compares  to  a  real  decline  in  coal  prices  of  2.8  percent  per 
year  for  the  last  10  years. 


Policies 


EOER  has  incorporated  four  actual  and  proposed  policy 
changes  into  its  forecast  of  future  energy  consumption  and 
prices.  The  selection  of  these  policies  for  inclusion  in  this  anal- 
ysis was  based  on  their  nature  as  government,  as  opposed  to 
energy  industry,  actions.  In  recent  years,  government  has  become 
a  player  in  a  new  way  in  the  energy  marketplace.  Whereas 
government  has  long  had  a  well-defined  regulatory  role  with 
respect  to  the  electric  and  natural  gas  industries,  in  the  last 
several  years,  at  least  in  Massachusetts,  the  energy  implications 
of  government  policies  and  regulations  in  other  areas  have  be- 
gun to  be  recognized  explicitly. 

In  the  last  year,  Massachusetts  government  acted  to  affect  fu- 
ture energy  consumption  in  the  Commonwealth  in  three  ways.  On 
October  28,  1986  Governer  Dukakis  signed  into  law  the  Massa- 
chusetts Appliance  Efficiency  Standards  Act  which  will  go  into  ef- 
fect on  January  1,  1988.  In  early  1987,  the  federal  government  fol- 
lowed suit,  enacting  national  appliance  efficiency  standards ! 
legislation  which  will  take  effect  in  1990  and  1992.  The  impacts 
of  both  of  these  sets  of  standards  have  been  included  in  EOER's 
forecast  of  Massachusetts'  energy  future. 
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In  1987,  the  Massachusetts  Board  of  Building  Regulations  and 
Standards,  with  technical  assistance  from  EOER,  revised  the 
residential  and  commercial  building  codes  to  incorporate  cost- 
effective  improvements  in  the  energy  provisions  of  these  codes. 
EOER  has  included  the  impacts  of  the  new  building  code  provi- 
sions in  its  analysis  of  Massachusetts'  future  energy  consump- 
tion, along  with  the  impacts  of  slightly  higher  residential  stan- 
dards. EOER  also  analyzed  the  impact  on  energy  consumption 
that  adoption  of  proposed  1992  national  lighting  standards  would 
have  on  commercial  building  energy  consumption. 

In  August  of  1986,  the  Massachusetts  Department  of  Public 
Utilities  (DPU)  issued  its  final  order  in  a  proceeding  opened  to  re- 
vise Massachusetts'  implementation  of  provisions  of  the  Public 
Utility  Regulatory  Policies  Act  (PURPA)  affecting  utility  purchases 
of  power  from  small  power  producers  and  cogenerators.  These 
innovative  regulations  are  now  in  the  process  of  being  im- 
plemented, and  the  rest  of  the  country  is  paying  close  attention. 
The  federal  government  is  studying  the  Massachusetts  PURPA 
process  for  possible  application  to  federally  regulated  interactions 
among  utilities,  while  other  states  are  considering  adopting  simi- 
lar rules  for  regulating  their  own  PURPA  processes.  While  the 
impacts  of  the  new  regulations  have  not  been  formally  modeled, 
they  have  been  addressed  in  this  analysis. 

Lastly,  EOER  has  modeled  the  impacts  that  mandatory  time- 
of-use  rates  for  large  commercial  and  industrial  customers  would 
have  on  Massachusetts'  future  energy  consumption.  The  DPU 
has  already  ordered  electric  companies  to  institute  mandatory 
time-of-use  rates  for  their  largest  customers  and  to  offer  optional 
time-of-use  rates  to  their  other  customers  where  cost-effective. 
Pricing  electricity  by  time  of  use  allows  the  cost  to  consumers  to 
reflect  more  closely  the  cost  of  producing  electricity,  which  varies 
by  time  of  day.  This  form  of  regulated  pricing  is  an  attempt  to  in- 
corporate more  accurate  price  signals  in  the  electricity  market. 
The  Massachusetts  DPU  has  emphasized  the  importance  of  cor- 
rect price  signals  to  customers  in  many  of  its  rulings.  EOER  has 
taken  this  a  step  further  in  modeling  the  impacts  of  mandatory 
time-of-use  rates  for  a  larger  percentage  of  commercial  and  in- 
dustrial customers. 


Appliance  Efficiency  Standards 

On  October  28,  1986,  Governor  Michael  Dukakis  signed  into 
law  the  Massachusetts  Appliance  Efficiency  Standards  Act.  This 
law  sets  minimum  efficiency  standards  for  refrigerators,  freezers, 
water  heaters,  showerheads,  fluorescent  lamp  ballasts  and  fluo- 
rescent lamp  fixtures  sold,  installed  or  offered  for  sale  in  the 
Commonwealth  on  or  after  January  1,  1988.  The  Governor's  sign- 
ing of  the  Act  culminated  a  concerted  one-year  effort  on  the  part 
of  many  individuals  and  groups,  including  EOER,  to  enact  the  bill 
into  law. 

The  need  for  state  appliance  standards  in  Massachusetts  was 
predicated  by  the  failure  of  the  federal  government,  through  the 
Department  of  Energy  (DOE),  to  establish  similar  requirements  on 
a  national  level.  Congress  had  directed  the  DOE,  during  the 
Carter  administration,  to  develop  such  standards,  and  the  DOE 
did  considerable  research  into  the  area  in  the  late  1970s  and  early 


1980s.  The  Reagan  Administration  DOE,  however,  determined 
that  the  standards  could  not  be  justified  on  economic  grounds 
and  implemented  what  became  known  as  the  "no-standard"  stan- 
dards. These  "no-standard"  standards  not  only  failed  to  set  effi- 
ciency requirements  for  consumer  appliances,  but  also  restricted 
the  ability  of  states  to  set  their  own  appliance  standards. 

However,  both  New  York  and  California  have  established  ap- 
pliance standards.  The  New  York  standards  are  largely  restricted 
to  residential  cooling  and  water  heating  equipment  and  to  fluo- 
rescent ballasts,  whereas  the  California  standards  are  compre- 
hensive, covering  residential  heating,  cooling,  and  water  heating 
equipment,  refrigerators,  freezers,  showerheads  and  ballasts.  The 
first  California  standards  were  effective  in  the  late  1970s,  with 
tightened  standards  introduced  in  the  1980s. 

In  addition  to  New  York  and  California,  a  number  of  other  states 
attempted  to  implement  appliance  standards.  These  efforts  were 
adamantly  opposed  by  the  national  appliance  manufacturers.  The 
manufacturers  argued  that  the  imposition  of  state  appliance  stan- 
dards would  produce  a  patchwork  of  varying  requirements  which 
would  increase  the  manufacturer's  marketing  and  distribution 
costs.  At  the  same  time,  the  manufacturers  also  opposed  federal 
appliance  standards. 

History  of  Massachusetts'  Activity 

The  Massachusetts  appliance  efficiency  standards  effort  began 
in  the  fall  of  1985.  The  Legislature's  Joint  Committee  on  Energy 
began  drafting  a  state  appliance  bill,  using  the  California  and 
New  York  standards  as  a  model.  At  the  same  time,  the  Massa- 
chusetts Audubon  Society  (MAS)  undertook  a  study  to  measure 
the  economic  and  energy  impacts  of  appliance  efficiency  stan- 
dards on  the  Commonwealth.  The  initial  draft  of  the  MAS  report 
showed  that  significant  dollar,  energy  and  demand  savings  could 
be  obtained  through  adoption  of  state  appliance  standards.  When 
first  filed  in  November  of  1985,  the  Energy  Committee's  bill  set  ef- 
ficiency standards  for  the  following  appliances: 

refrigerators; 

freezers; 

oil,  gas  and  electric  water  heaters; 

fluorescent  lamp  ballasts; 

fluorescent  lamp  fixtures; 

room  air  conditioners; 

heat  pumps; 

central  air  conditioners;  and 

oil  and  gas  furnaces  and  boilers. 

The  standards  for  central  heating  equipment  and  water  heaters 
were  set  by  referencing  the  State  Building  Code  and  Plumbing 
Code  respectively.  Similarly,  the  maximum  flow  rate  for  shower- 
heads (three  gallons  per  minute)  was  also  set  by  referencing  an 
existing  plumbing  code  standard.  The  standards  for  the  remain- 
ing appliances  were  contained  in  the  filed  bill. 
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EOER,  in  support  of  the  Energy  Committee,  contracted  with  the 
Natural  Resources  Defense  Council  (NRDC)  to  do  a  thorough 
analysis  of  the  standards'  impacts.  This  report  built  on  the  pre- 
vious work  done  by  MAS  and  addressed  a  number  of  issues  only 
dealt  with  peripherally  by  MAS.  The  conclusion  of  the  NRDC 
report  was  similar  to  that  of  MAS:  the  standards  would  generate 
significant  benefits  for  Massachusetts'  energy  consumers  and 
produce  few  negative  impacts. 

Support  for  the  bill  came  from  a  broad  coalition  of  groups  in- 
cluding MAS,  Mass  PIRG,  the  Conservation  Law  Foundation,  and 
several  utilities  including  New  England  Electric  System  (Massa- 
chusetts Electric  Company's  parent  company),  Boston  Edison 
Company  and  the  Massachusetts  Municipal  Wholesale  Electric 
Company  (MMWEC).  The  bill  passed  the  House  of  Representa- 
tives on  June  6,  1986. 

While  the  bill's  sponsors  were  preparing  for  the  Senate  vote 
during  the  Legislature's  summer  recess,  activity  on  the  federal 
level  was  occurring  that  would  affect  the  outcome  of  Massachu- 
setts' appliance  bill.  During  the  spring  of  1986,  NRDC  initiated 
discussions  with  the  major  appliance  trade  groups.  The  goal  of 
the  talks  was  to  reach  consensus  on  a  set  of  appliance  standards 
that  could  be  implemented  by  Congress.  By  the  summer  of  1986, 
there  was  preliminary  agreement  on  many  of  the  standards,  and 
drafts  of  a  federal  bill  were  circulated  for  comments.  The  pro- 
posed national  bill  set  standards  in  1990  and  1992  for  a  wide 
range  of  consumer  appliances.  Unlike  the  Massachusetts  bill,  no 
standards  were  included  for  ballasts,  fixtures  or  showerheads. 

As  initially  filed  in  the  House,  the  National  Appliance  Efficien- 
cy Energy  Conservation  Act  would  have  pre-empted  any  state  effi- 
ciency standards  not  signed  into  law  by  July  16,  1986.  By  the  be- 
ginning of  September  the  Massachusetts  bill  still  had  not  faced 
a  Senate  vote.  The  federal  cut-off  date  was  eventually  changed 
to  January  8,  1987,  the  day  after  the  close  of  the  Massachusetts 
Legislature's  session.  To  accomplish  this  change,  EOER  and  the 
Energy  Committee  agreed  to  narrow  the  focus  of  the  Massachu- 
setts bill.  Central  heating  and  cooling  equipment  were  dropped 
from  the  bill,  as  were  room  air  conditioners  and  a  small  sub-class 
of  refrigerator-freezers.  The  bill  was  subsequently  amended  and 
enacted  by  both  Houses  on  October  16,  1986.  The  Governor 
signed  it  on  the  28th  of  the  month. 

The  Massachusetts  Standards 

As  enacted,  the  Massachusetts  appliance  bill  sets  standards, 
effective  January  1,  1988,  for  the  following  appliances: 

•  refrigerators  and  refrigerator  freezers  (except  for  top  mounted, 
automatic  defrost  units  with  a  volume  of  16.6  cubic  feet  or 
less); 

•  freezers; 

•  oil,  gas  and  electric  storage  type  water  heaters; 

•  showerheads; 

•  fluorescent  lamp  ballasts  for  F40T12  and  F96T12  ballasts;  and 

•  fixtures  containing  the  above  ballast  types. 


The  legislation  directs  EOER  to  promulgate  regulations  for  the 
certification  and  testing  of  the  covered  appliances.  It  also  requires 
that  directories  of  complying  models  be  published  by  EOER  an- 
nually. As  passed,  the  appliance  bill  establishes  legislative  stan- 
dards for  a  minimum  of  one  year.  After  the  first  year,  EOER  can 
establish,  through  regulation,  new  and  higher  standards. 


MASSACHUSETTS 

APPLIANCE  EFFICIENCY 

STANDARDS 

The  refrigerator  and  freezer  standards  vary  by  defrost  pattern 
(manual,  automatic  or  partial  automatic),  size  and  configuration 
(top-mounted  freezer,  side-by-side-mounted  freezer,  etc.).  They  are 
virtually  identical  to  those  that  went  into  effect  in  California  in 
January  of  1987. 

The  water  heater  standard  is  established  by  reference  to  the 
existing  Plumbing  Code  standard,  as  is  the  showerhead  standard. 
While  an  apparent  duplication  of  effort,  there  is  considerable  evi- 
dence that  these  code  requirements  are  not  being  adequately 
enforced. 

Finally,  the  lighting  ballast  and  fixture  standards  are  similar  to 
requirements  in  place  in  California  and  New  York. 

In  all  cases,  the  state  standards  are  cost-effective  from  a  con- 
sumer's perspective.  The  additional  cost  for  the  added  increment 
of  efficiency  is  small.  The  simple  paybacks  range  from  months  for 
water  heaters  and  showerheads  to  two  to  three  years  for  refriger- 
ators and  ballasts. 

The  National  Standards 

The  Massachusetts  standards  will  be  strengthened  in  1990  and 
1992  by  the  implementation  of  federal  appliance  efficiency  stan- 
dards. The  federal  bill,  which  was  pocket  vetoed  by  President 
Reagan  in  November  1986,  was  reintroduced  and  signed  into  law 
on  March  17,  1987  The  bill  sets  standards  for  appliances  not  co- 
vered by  the  Massachusetts  bill  —  heat  pumps,  furnaces,  boilers 
and  central  air  conditioners  in  1992,  and  room  air  conditioners  in 
1990  —  and  for  appliances  covered  by  the  state  standards  — 
refrigerators,  freezers  and  water  heaters  in  1990.  In  the  case  of 
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the  1990  standards  for  refrigerators,  freezers  and  water  heaters, 
the  national  standards  are  slightly  more  stringent  than  the  1988 
Massachusetts  standards  and  will  apply. 

While  there  are  a  number  of  potential  future  changes  to  the 
new  appliance  standards,  the  federal  law  pre-empts  any  state  ef- 
forts to  set  higher  standards  unless  the  state  can  show  just  cause. 
The  burden  of  proof  is  on  the  state,  and  is  substantial.  The  one 
possible  area  for  revision  in  the  appliance  standards  is  in  the 
lighting  ballast  and  fixture  standards.  Specifically,  a  state  could 
raise  the  ballast  efficiency  requirements  and  only  allow  electronic 
ballasts  to  be  sold.  The  electricity  savings,  in  terms  of  both 
energy  and  capacity,  from  such  a  change  would  be  significant. 


Building  Code  Revisions 

In  1986,  the  residential  and  commercial  sectors  consumed 
more  than  75  percent  of  non-transportation-related  energy,  on  an 
end-use  basis,  in  the  Commonwealth.  The  vast  majority  of  this 
consumption  was  used  to  heat,  cool,  light,  and  ventilate  the 
space  contained  within  buildings.  This  set  of  space  conditioning 
end-uses  represents  one  of  the  largest  pools  of  potential  energy 
demand  reduction  in  Massachusetts.  A  significant  portion  of  this 
potential  conservation  can  be  addressed  through  implementation 
of  building  construction  codes  and  standards.  Historically,  these 
construction  codes  have  been  vehicles  to  ensure  the  health  and 
safety  of  a  building's  occupants.  However,  following  the  oil  price 
and  supply  disruptions  of  the  early  1970s,  efforts  were  undertaken 
to  incorporate  concepts  of  energy-efficient  design  into  building 
codes. 

Much  of  what  is  found  in  building  codes,  including  energy  con- 
servation construction  requirements,  has  its  genesis  as  national 
voluntary  consensus  standards.  In  the  case  of  energy  conserva- 
tion and  construction,  the  initial  impetus  for  the  development  of 
energy  conservation  construction  standards  came  from  the  Na- 
tional Conference  of  States  on  Building  Codes  and  Standards. 
The  actual  standards  development  work  was  performed  by  the 
American  Society  of  Heating,  Refrigerating  and  Air  Conditioning 
Engineers,  Inc.  (ASHRAE).  In  August  1975,  the  ASHRAE  Board 
approved  Standard  90-75,  Design  and  Evaluation  Criteria  for 
Energy  Conservation  in  New  Buildings,  which  sets  voluntary  stan- 
dards for  both  commercial  and  residential  buildings,  covering  the 
following  building  sub-systems,  components  and  equipment: 

•  exterior  envelope; 

•  HVAC  systems; 

•  HVAC  equipment; 

•  service  water  heating; 

•  electrical  distribution  systems;  and 

•  lighting. 

Standard  90-75  resulted  in  the  1977  Code  for  Energy  Conser- 
vation in  New  Building  Construction,  also  known  as  the  Model 
Energy  Code.  It  became  the  basis  for  energy-efficient  construc- 
tion standards  in  approximately  40  states,  including  Massachu- 


setts. These  requirements  first  became  effective  in  the  Common- 
wealth in  January  of  1977.  Energy-related  requirements  were 
contained  in  Article  22  (now  Article  20),  Energy  Conservation,  of 
the  Massachusetts  State  Building  Code. 

Massachusetts  was  one  of  the  first  states  to  incorporate  energy 
standards  into  its  building  code.  At  the  time,  Massachusetts  was 
a  national  leader  in  the  development  and  implementation  of  its 
energy  conservation  code  requirements.  Not  only  did  the  state  in- 
corporate much  of  Standard  90-75,  but  it  also  developed  a  num- 
ber of  code  sections  specifically  for  inclusion  in  the  State  Build- 
ing Code.  Of  the  Massachusetts-specific  requirements,  probably 
the  most  important  in  terms  of  impact  was  that  regarding  lighting 
in  commercial  buildings.  These  Massachusetts  lighting  require- 
ments, expressed  in  terms  of  maximum  power  densities  (in 
watts/square  foot)  for  connected  lighting  load,  were  subsequently 
adopted,  in  the  same  or  modified  form,  by  a  number  of  other 
states. 

While  the  energy  conservation  section  of  the  Massachusetts 
Building  Code  was  considered  one  of  the  most  progressive  in  the 
country  in  the  late  1970s,  the  Commonwealth  lost  its  leadership 
in  this  area  in  the  early  and  mid-1980s.  During  this  period, 
ASHRAE  revised  its  Standard  90-75  and  released  Standard 
90A-1980,  Energy  Conservation  in  New  Building  Design,  in  May  of 
1980.  Also,  a  number  of  states,  most  important  among  them, 
California  and  Florida,  developed  energy  construction  codes  that 
went  far  beyond  ASHRAE  in  both  comprehensiveness  and 
stringency. 

During  this  time,  Article  20  of  the  Massachusetts  Code  re- 
mained unchanged,  with  the  last  significant  revision  being  the  in- 
corporation of  some  additional  lighting  requirements  in  1978.  Early 
in  1984,  EOER  pinpointed  Article  20  as  being  in  need  of  signifi- 
cant revision.  This  decision  was  based  in  part  on  the  review  of 
then  current  construction  practices  and  the  corresponding  code 
requirements.  In  many,  if  not  most,  areas  practice  was  equal  to 
or  exceeded  the  applicable  code  requirement.  Further,  review  of 
other  state  and  regional  codes  showed  that  there  were  significant 
improvements  that  could  be  made  to  the  Massachusetts  energy 
construction  standards.  In  addition  to  the  previously  mentioned 
Florida  and  California  codes,  EOER  examined  the  Bonneville 
Power  Authority's  Model  Conservation  Standards  and  the  Depart- 
ment of  Energy-ASHRAE  joint  project  on  new  commercial  build- 
ing standards  (Special  Project-41). 

Given  the  work  done  in  other  states  and  the  potential  for  im- 
provements in  the  Massachusetts  code,  EOER  initiated  discus- 
sions in  the  spring  of  1984  with  the  Division  of  Inspections  of  the 
Office  of  Public  Safety.  The  Division  of  Inspections  had  earlier 
been  given  responsibility  to  oversee  the  State  Building  Code 
while  a  new  Board  of  Building  Regulations  and  Standards 
(BBRS)  was  being  established. 

As  initially  envisioned  by  both  EOER  and  the  Division,  the  main 
thrust  of  the  revision  process  was  to  be  directed  toward  residen- 
tial buildings  of  three  stories  or  less  (residential  buildings  greater 
than  three  stories  were  treated  as  commercial  structures).  It  was 
anticipated  that  the  commercial  standards  would  only  be  sub- 
jected to  some  fine  tuning  and  number  tightening.  This,  however, 
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was  not  to  be  the  case  as  the  approved  revisions  to  Article  20  in- 
corporate substantial  changes  to  commercial  building  require- 
ments. The  development  of  the  new  residential  and  commercial 
standards  is  described  below.  The  changes  to  Article  20  have  a 
tentative  effective  date  of  January  1,  1988. 


Residential  Standards 


An  Energy  Code  Advisory  Committee  to  the  BBRS  agreed  that 
determination  of  appropriate  residential  envelope  standards 
should  be  based  on  energy  analysis  specific  to  Massachusetts, 
utilizing  Massachusetts'  weather  and  energy  price  data.  Further, 
the  committee  agreed  that  the  analysis  should  be  performed  from 
a  number  of  different  economic  perspectives  including: 

•  life-cycle  costs  over  a  typical  30-year  mortgage; 

•  payback  based  on  average  home  ownership  period  of  seven 
years;  and 

•  two-year  crossover  to  net  positive  cash  flow. 

To  assist  the  Committee  in  this  work,  the  firm  of  Levy  Associates 
of  New  York  City  was  retained. 

The  analysis  performed  by  Levy  Associates  modeled  energy 
use  for  three  different  building  types:  single-story  house,  two-story 
house,  and  mid-unit  townhouse.  For  each  building  type,  four  dif- 
ferent heating  systems  were  modeled:  gas-fired  furnace  or  boiler; 
oil-fired  furnace  or  boiler;  electric  resistance;  and  heat  pump. 
Both  houses  with  and  without  air  conditioning  were  analyzed. 

The  vast  majority  of  the  Energy  Code  Advisory  Committee  ac- 
cepted the  results  of  the  Levy  Associates'  analysis  and  recom- 
mended that  the  maximum  cost-effective  levels  of  glazing  or  in- 
sulation become  the  new  code  standards.  The  exceptions  to  this 
are  listed  below: 

•  R-49  in  the  ceilings  was  considered  too  stringent  a  require- 
ment for  houses  heated  with  electric  resistance.  R-38  was 
recommended  instead. 

•  Some  of  the  electric  utilities  had  initial  reservations  regarding 
separate  and  higher  standards  for  houses  heated  with  resist- 
ance heat.  These  standards  were  strongly  supported  by 
EOER,  the  Legislature's  Joint  Committee  on  Energy  and  the 
Massachusetts  Audubon  Society.  Support  for  the  higher 
resistance  heat  standards  was  predicated  in  part  on  the 
favorable  consumer  economics  and  in  part  on  the  concern 
regarding  New  England's  electricity  generating  capacity 
situation. 

•  The  Home  Builders  Association  of  Massachusetts  was  strongly 
opposed  to  the  other  committee  members'  recommendations. 
They  were  particularly  concerned  with  the  requirements  for 
high  wall  insulation  levels. 

Eventually,  all  of  the  electric  utilities  agreed  to  support  the 
separate  electric  resistance  heat  standards.  The  Home  Builders, 
however,  remained  steadfast  in  their  opposition  to  a  number  of 
the  proposed  changes.  This  inability  to  reach  unanimity  resulted 
in  the  Committee  presenting  the  BBRS  with  two  sets  of  recom- 
mendations. One  contained  two  sets  of  standards:  one  for  oil,  gas 
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and  heat  pumps,  and  one  for  electric  resistance  heat.  The  other 
contained  the  Home  Builders'  proposal.  These  recommendations 
became  known  as  Proposal  I  and  Proposal  II  respectively.  They 
are  outlined  in  Table  48. 

After  extensive  testimony  at  its  November  22,  1986  public  hear- 
ing, the  Board  voted  in  February  of  1987  to  accept  Proposal  II  in 
its  entirety. 

In  May  of  1987,  EOER  petitioned  the  Board  to  reconsider  its 
earlier  rejection  of  the  Proposal  I  recommendations.  At  its  June 
monthly  meeting,  the  Board  appointed  a  sub-committee  to  ad- 
dress the  residential  envelope  standards  in  detail  and  to  seek  a 
compromise  solution.  Representatives  from  EOER  and  the 
Energy  Committee  were  invited  to  attend  the  sub-committee's 
meeting.  The  sub-committee  met  in  July  and  was  successful  in 
its  efforts  to  reach  a  mutually  agreeable  solution.  The  com- 
promise was  largely  the  result  of  negotiations  between  the  Home 
Builders  Association  and  EOER  representatives,  with  assistance 
from  the  Energy  Committee  representative  and  the  BBRS  tech- 
nical staff.  The  content  of  the  sub-committee's  compromise  solu- 
tion, approved  by  the  entire  Board  in  July  1987,  is  shown  in  Table 
49.  The  new  standards  have  a  tentative  effective  date  of  January 
1,  1988. 

The  compromise  standards  finally  approved  were  judged  to  be 
closer  to  Proposal  I  than  Proposal  II.  Therefore,  EOER  has 
modeled  the  impacts  of  Proposal  I  in  this  report,  as  detailed 
analyses  of  the  standards'  impacts  on  building  efficiencies  were 
not  available  for  the  compromise  standards,  only  for  Proposals  I 
and  II. 


Table  48 

Massachusetts  Building  Code: 

Revisions  to  Article  20 

Proposals  I  and  II 


Proposal  I 


Pre-Revision    Oil,  Gas  &    Electric  Proposal 
Article  20     Heat  Pumps     Heat 


II 


Walls 

Foundation  Walls 

—  Heated  Space 

—  Unheated  Space 

Ceilings 

—  Cathedral 

—  Other 

Doors  &  Windows 


R-12.5 

R-12.5 
R-5.9 

R-12.5 
R-20 

R-1.54 


R-20 

R-10 
R-10 

R-30 
R-30 


R-24 

R-10 
R-10 

R-30 
R-38 


R-12.5 

R-12.5 
R-5.9 

R-30 
R-30 


—  Doors 

R-7 

R-7 

R-7 

—  Windows 

R-2.5 

R-2.5 

R-1.54 

Basement  Floors 

R-12.5 

R-20 

R-20 

R-20 

Heated  Slabs 

R-7.75 

R-10 

R-10 

R-7.75 

Unheated  Slabs 

R-5.5 

R-10 

R-10 

R-5.5 

Source:  EOER 
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Table  49 

Massachusetts  Building  Code: 

Revisions  to  Article  20, 

Approved  July  1987 


Pre-Revision 
Article  20 


Revised  Article  20 


Oil,  Gas  &  Heat  Pumps 


Electric  Resistance 


Walls 

Foundation  Walls 

—  Heated  Space 

—  Unheated  Space 

Ceilings 

—  Cathedral 

—  Other 

Doors  &  Windows 

—  Doors 

—  Windows 

Basement  Floors 
Heated  Slabs 
Unheated  Slabs 


R-12.5 

R-12.5 
R-5.9 

R-12.5 
R-20 

R-1.54 


R-12.5 
R-7.75 
R-5.5 


R-12.5 

R-12.5 
R-10 

R-30 
R-30 

R-7 
R-1.54 

R-20 

R-10 

R-10 


R-20 

R-12.5 
R-10 

R-30 
R-30 

R-7 
R-2.5 

R-20 

R-10 

R-10 


Source:  EOER 


The  new  residential  construction  requirements  represent 
modest  increases  in  thermal  efficiency  for  houses  heated  by  oil, 
gas  or  heat  pumps,  and  significant  increases  in  thermal  efficiency 
for  homes  heated  with  electric  resistance  space  heat.  In  partic- 
ular, the  electric  resistance  heat  requirements  of  R-20  walls  and 
R-2.5  windows  are  a  significant  departure  from  current  construc- 
tion practice  in  the  Commonwealth. 


Commercial  Standards 

Neither  EOER  nor  the  Division  of  Inspections  initially  antici- 
pated a  complete  revision  of  the  commercial  energy  conservation 
building  standards.  However,  ASHRAE's  90.1P  Committee  (formed 
to  revise  the  energy  construction  standards  for  commercial  and 
high-rise  residential  buildings),  released  two  public  review  drafts 
of  a  new  commercial  building  code  in  June  1985  and  August 
1986.  Since  this  work  was  available,  the  project  staff  and  EOER 
agreed  to  undertake  a  more  thorough  revision  of  the  commercial 
building  sections  of  Article  20. 

Unlike  the  development  of  the  residential  energy  standards,  no 
Massachusetts-specific  modeling  was  performed  in  the  develop- 
ment of  the  commercial  construction  standards.  Rather,  the  final 
product  represents  an  amalgamation  of  the  current  Mas- 
sachusetts Code  and  the  August  1986  90.1  P  draft,  with  the  end 
result  fine-tuned  by  the  Advisory  Committee  members  and  the 
project  staff.  This  dependence  on  the  ASHRAE  work  was  possi- 
ble in  part  because  ASHRAE  had  done  building  thermal  analyses 
jfor  30  different  climate  zones.  This  allowed  the  Advisory  Com- 
jmittee  to  choose  the  appropriate  building  envelope  criteria  based 
on  Massachusetts'  climate. 


The  most  significant  changes  in  the  commercial  code  require- 
ments are  in  the  two  areas  of  thermal  envelope  and  lighting 
criteria.  The  current  commercial  envelope  code  requirements  are 
based  on  compliance  with  overall  U-values  (measures  of  insula- 
tion levels)  for  roofs,  walls  and  floors.  These  standards  treat 
commercial  buildings'  energy  requirements  as  being  driven 
primarily  by  heating  loads.  However,  except  in  very  cold  climates 
and  in  buildings  without  air  conditioning,  the  primary  space  con- 
ditioning load  is  for  cooling. 

The  new  ASHRAE/Massachusetts  standards  recognize  the 
dominance  of  cooling  loads  in  commercial  buildings.  These  stan- 
dards take  into  consideration  internal  loads  and  solar  gains,  with 
the  limiting  factor  not  overall  U-value,  but  rather  the  percentage 
of  glass  that  can  occupy  the  exterior  facade.  In  Boston,  depend- 
ing on  the  type  of  glass,  the  internal  loads  (e.g.,  lighting,  equip- 
ment), the  presence  of  window  overhangs,  and  whether  the  build- 
ing has  automatic  perimeter  daylighting,  the  allowable  percentage 
of  glass  can  vary  from  15  to  100  percent.  The  new  envelope  stan- 
dards will  have  a  significant  impact  on  reducing  cooling  load  in 
new  buildings. 

The  ASHRAE  draft  lighting  standards  were  also  adopted  by 
Massachusetts,  though  in  a  somewhat  modified  form.  While  the 
ASHRAE  thermal  envelope  standards  represent  a  significant 
departure  from  the  approach  and  format  of  the  current  Massa- 
chusetts envelope  standards,  the  ASHRAE  lighting  standards 
show  a  considerable  convergence  toward  the  lighting  power  den- 
sity approach  currently  contained  in  Article  20.  The  new 
ASHRAE/Massachusetts  standards  allow  two  different  paths  to 
compliance.  The  simplest  is  a  whole  building  approach  where  a 
specified  maximum  power  density  (watts/square  foot)  is  set  de- 
pending on  building  type  (11  types  in  the  new  Massachusetts 
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code)  and  size  (five  size  ranges).  The  second  approach  is  merely 
an  embellishment  on  the  first.  In  this  compliance  path,  maximum 
power  densities  are  set  for  specific  activity  or  task  areas  within 
a  building.  This  second  approach  is  somewhat  more  time- 
consuming,  but  the  lighting  power  allowances  are  more  gener- 
ous than  those  contained  in  the  whole  building  approach. 

For  both  compliance  paths,  the  maximum  power  allowance  can 
be  increased  by  the  installation  of  automatic  controls  (daylighting 
sensors,  occupancy  sensors,  programmable  timers).  The 
ASHRAE/Massachusetts  standards  also  set  minimum  control  re- 
quirements in  terms  of  minimum  number  of  switches  on  a  square 
foot  basis.  These  can  also  be  modified  by  the  use  of  automatic 
control. 

DOE  released  its  own  commercial  building  standard  for  com- 
ment in  the  summer  of  1987.  In  many  cases,  the  standard  is  iden- 
tical to  that  of  ASHRAE's.  However,  the  lighting  section  of  the 
DOE  standard  contains  two  sets  of  power  density  numbers.  One 
set  is  for  implementation  in  1988  and  the  other  for  implementa- 
tion in  1992.  The  1992  numbers  represent  a  significant  reduction 
in  allowable  connected  load  relative  to  the  1988  levels.  The  im- 
pacts of  these  standards  have  been  modeled  by  EOER  and  dis- 
cussion of  them  is  included  in  the  analysis  in  this  report. 


PURPA 

The  Public  Utility  Regulatory  Policies  Act  (PURPA)  was  passed 
by  Congress  as  part  of  the  National  Energy  Act  in  1978.  Its  goal 
is  to  decrease  the  country's  reliance  on  imported  fossil  fuels  by 
encouraging  cogeneration  to  increase  the  efficiency  of  electricity 
generation  and  by  promoting  the  use  of  renewable,  indigenous 
resources  (i.e.,  solar,  hydro,  biomass)  to  generate  electricity. 
PURPA  requires  that  utilities  interconnect  with  facilities  that 
qualify  under  these  regulations  ("qualifying  facilities"  or  QFs)  and 
purchase  their  power.  It  also  establishes  broad  standards  for  cal- 
culating the  rates  QFs  receive  for  their  power.  Implementation  of 
this  federal  law  is  the  responsibility  of  state  public  utilities  com- 
missions, in  accordance  with  the  regulations  promulgated  by  the 
Federal  Energy  Regulatory  Commission  (FERC).  Under  the 
FERC  regulations,  state  commissions  are  required  to  set  a  rate 
equal  to  the  cost  the  utility  would  have  incurred  to  generate  the 
same  amount  of  power.  This  is  commonly  referred  to  as  the  util- 
ity's "avoided  cost". 

The  Massachusetts  Department  of  Public  Utilities  revised  its 
1981  PURPA  regulations  in  1986.  After  a  two-year  investigation 
into  the  conditions  of  the  PURPA  market  in  the  Commonwealth, 
the  DPU  concluded  that  the  1981  regulations  were  inadequate  to 
provide  the  stimulus  to  QF  development  intended  by  PURPA,  and 
that  changes  were  necessary  if  Massachusetts  was  to  realize  the 
full  benefits  provided  by  cogeneration  and  small  power  produc- 
tion facilities. 

EOER  believes  that  QFs  will  play  a  vital  role  in  the  attainment 
of  a  secure,  affordable  and  environmentally  sustainable  energy  fu- 
ture. In  particular,  the  development  of  cost-effective  and  reliable 
QFs  will: 


•  increase  the  diversity  of  th?  Commonwealth's  electricity  sup- 
ply mix; 

•  allow  capacity  to  be  added  in  small  increments  with  relatively 
short  lead-times  so  that  the  total  generating  capability  can 
track  demand  more  closely; 

•  implement  technologies  which  utilize  readily  available 
resources,  including  some  which  are  indigenous  and  renew- 
able, so  as  to  minimize  the  environmental  impact  of  electric- 
ity generation  and  maintain  system  economy  over  the  long- 
run;  and, 

•  utilize  technologies  such  as  cogeneration  which  improve  the 
overall  conversion  efficiency  of  the  energy  supply  system. 

The  major  flaws  in  the  pre-1986  PURPA  market  in  Mas- 
sachusetts were  the  lack  of  standardized  contracts  and  the 
difficulty  of  obtaining  long-term  fixed  prices  that  reflected  full 
avoided  costs.  Standard  contracts  eliminate  many  of  the  institu- 
tional and  non-price  barriers  that  plague  QFs  during  negotiations 
with  utilities.  Long-term  fixed  prices  that  reflect  both  long-term 
avoided  energy  and  capacity  payments  give  the  small  power  fa- 
cility enough  certainty  about  its  revenue  stream  to  obtain 
financing. 

The  DPU  adopted  both  standard  contracts  and  long-term  pric- 
ing in  their  1986  regulations,  in  addition  to  a  novel  approach  to 
contracting  for  QF  power.  This  approach,  known  as  the  bid  or 
solicitation  method,  should  lead  to  the  development  of  an  ordered 
PURPA  market  with  benefits  for  utilities,  ratepayers  and  QFs. 

The  1986  PURPA  Regulations 

In  the  new  solicitation  method,  which  is  in  the  initial  stages  of 
implementation,  utilities  are  required  to  solicit  bids  on  an  annual 
basis  from  QFs  interested  in  obtaining  a  contract  in  a  pre- 
specified  capacity  supply  block.  The  bid  price,  which  must  be 
less  than  or  equal  to  the  utility's  schedule  of  avoided  costs  ("ceil- 
ing price"),  is  the  major  criterion  in  ranking  and  choosing  between 
competing  projects,  but  other  "non-price"  characteristics  are  also 
considered.  Successful  bidders  may  then  sign  a  pre-approved 
standard  20-year  contract  with  the  utility.  The  regulations  also  al- 
low for  independently  negotiated  contracts  and  contracts  at  the 
"as-available"  energy  rate,  subject  to  DPU  approval. 

Small  QFs  under  one  MW  in  size  will  have  the  option  of  sign- 
ing a  standard  contract  without  participating  in  the  solicitation. 
The  price  will  be  based  on  an  average  of  the  winning  bids  in  the 
most  recent  solicitation. 

These  new  rules  should  encourage  QF  development  by 
eliminating  financing  and  institutional  barriers  while  at  the  same 
time  benefiting  ratepayers  by  introducing  competition  into  the 
marketplace.  The  annual  request  for  proposals  (RFPs)  for  a  fixed, 
pre-specified  capacity  block  should  simplify  utility  capacity  plan- 
ning and  introduce  some  certainty  into  the  process. 

Boston  Edison  Company  (BECo) 

The  recent  Boston  Edison  experience  in  implementing  the  bid 
process  for  QF  power  is  an  initial  indication  of  the  viability  of  the 


54 


Chapter  3 


new  system  and,  most  importantly,  the  strength  of  the  PURPA 
market  in  Massachusetts.  BECo  received  bids  from  60  projects 
totaling  2053  MW  in  response  to  its  solicitation  for  200  MW.  One 
of  these  projects  is  currently  on-line,  and  the  remaining  59  have 
proposed  in-service  dates  of  1992  or  earlier.  Although  this  in- 
service  date  was  a  requirement  for  participation  in  the  solicitation, 
it  demonstrates  one  of  the  major  advantages  of  small  power  and 
cogeneration  projects  —  short  lead-times.  More  than  20  percent 
of  the  capacity  bid,  430  MW,  are  categorized  as  small  power 
projects,  and  1556  MW  as  cogeneration.  The  remaining  68  MW 
are  not  classified.  Since  the  BECo  service  territory  is  mostly  ur- 
ban, one  might  have  predicted  that  a  large  number  of  cogener- 
ators  would  respond  to  the  solicitation.  In  this  context,  the  large 
number  of  small  power  projects  is  a  good  sign.  While  it  is  true 
that  many  of  these  projects  came  from  outside  BECo's  territory 
and  even  from  outside  the  Commonwealth,  the  bottom  line  is  that 
the  utility  has  the  opportunity  to  continue  to  diversify  its  fuel  mix 
away  from  imported  oil  and  save  ratepayers  money. 

At  this  early  stage,  it  is  difficult  to  predict  how  many  of  the 
projects,  if  offered  a  contract,  would  actually  come  on-line  as 
scheduled.  However,  the  selection  process  and  the  requirement 
of  a  hefty  deposit  upon  signing  a  contract  have  been  designed 
to  insure  that  the  best  projects  are  offered  contracts  and  are 
available  when  needed. 

Since  only  344  MW  have  been  selected  by  BECo  in  this  RFP 
cycle,  there  will  be  a  large  pool  of  projects  with  some  groundwork 
laid  to  participate  in  the  first  solicitations  of  the  remaining  utilities. 

Implications 

In  light  of  the  response  to  the  BECo  solicitation  it  seems  clear 
that  the  current  estimates  of  cogeneration  and  small  power  used 
in  this  analysis  may  be  conservative.  These  estimates  are  from 
the  New  England  Governors'  Conference,  Inc.'s  December,  1986 
report,  A  Plan  for  Meeting  New  England's  Electricity  Needs,  and 
represent  the  best  consensus  estimates  of  the  utilities  and  energy 
planners  in  New  England  at  that  time.  However,  a  close  inspec- 
tion of  the  data  shows  that  only  projects  in  a  relatively  advanced 
state  of  development,  most  with  projected  on-line  dates  by  1991 
or  1992  have  been  included.  This  may  be  an  appropriate  ap- 
proach for  regional  utility  planning.  However,  it  may  not  be  an  ac- 
curate measure  of  potential  small  power  and  cogeneration  de- 
velopment over  the  planning  period  under  consideration  here, 
particularly  given  the  recent  sweeping  changes  in  the  PURPA 
marketplace  in  Massachusetts. 


Time-of-Use  Rates 

The  fourth  policy  change  that  EOER  analyzed  in  this  report  is 
a  mandatory  time-of-use  (TOU)  electricity  rate  for  large  commer- 
cial and  industrial  customers.  As  implied  by  the  name,  TOU  rates 
link  the  the  price  of  electricity  to  the  cost  of  producing  electricity 
during  a  particular  time  period. 

The  timing  of  the  demand  for  electricity  is  important  for  several 
reasons.  Over  the  course  of  a  day,  demand  for  electricity  in- 
creases, peaks  at  one  point  in  time,  and  then  declines.  In  the 


summer,  the  peak  demand  may  be  reached  in  early  afternoon 
and  plateau  there  for  several  hours.  In  the  winter,  electricity  de- 
mand may  peak  briefly  in  the  morning  and  then  again  in  the  late 
afternoon.  These  peaks  are  driven  by  particular  uses  of  electric- 
ity; for  example,  commercial  air  conditioning  and  lighting  in  the 
summer. 

To  meet  these  peaks  in  demand  utility  companies  build  and 
operate  power  plants  that  are  easy  to  start  quickly  and  inexpen- 
sive to  build,  but  expensive  to  operate.  Such  plants,  generally 
fired  by  oil  and/or  gas,  may  have  fuel  costs  two  to  four  times 
higher  than  plants  run  to  meet  base  load  demand.  Therefore,  the 
costs  of  producing  electricity  vary  by  the  time  of  day,  according 
to  the  shape  of  the  peak.  Electricity  rates  should  reflect  this  var- 
iation of  costs  so  that  the  proper  price  signal  is  given  to  con- 
sumers. That  is  what  TOU  rates  attempt  to  do. 

Given  the  proper  price  signal,  consumers  can  make  more  in- 
formed choices  in  their  electricity  consumption,  which  in  turn  aids 
electric  utilities  in  optimizing  their  investments  in  peak  versus 
base  load  generating  capacity.  Rapid  growth  in  peak  demand 
creates  the  need  for  investment  in  power  plants  in  addition  to 
those  necessary  for  meeting  base  load  demand.  The  construc- 
tion and  financing  costs  of  the  new  plants  ultimately  increase  the 
rates  for  all  customers,  not  only  those  responsible  for  peak  loads. 
Policies  to  decrease  peak  electricity  consumption  reduce  both  the 
need  to  operate  costly  generating  units,  and  the  need  for  invest- 
ments in  new  generating  capacity  to  meet  load  at  peak  times. 

Under  traditional  rate  structures  where  consumers  are  charged 
the  same  price  for  electricity  regardless  of  the  time  of  their  con- 
sumption, there  is  no  economic  incentive  for  them  to  change  the 
pattern  of  their  use.  In  other  words,  customers  overuse  electric- 
ity during  the  peak  period  when  it  is  underpriced.  In  contrast, 
TOU  rates  encourage  customers  to  shift  their  consumption  from 
periods  of  high  demand  to  periods  of  low  demand.  Customers  af- 
fected by  TOU  rates  are  offered  lower  rates  when  the  cost  of 
producing  electicity  is  low,  and  charged  more  when  production 
costs  are  high. 

TOU  rates  are  designed  to  achieve  an  "optimal"  demand  curve 
by  allowing  customers  to  use  as  much  electricity  as  they  want  at 
whatever  time  they  want  as  long  as  they  pay  the  full  cost  for 
producing  it  at  that  time.  Experience  with  TOU  rates  has  shown 
that  in  some  cases  consumption  will  increase,  although  this  is  not 
a  major  source  of  concern  since  the  increased  use  is  during  low 
demand  times  of  the  day.  Any  reduction  in  peak  demand  caused 
by  TOU  rates  is  limited  by  the  number  of  customers  affected  by 
the  rate  and  the  magnitude  of  customer  response. 

In  EOER's  analysis  it  was  assumed  that  TOU  rates  would  be 
mandatory  for  all  large  commercial  and  industrial  customers.  This 
assumption  implies  that  75  percent  of  the  commercial  and  indus- 
trial load  would  be  affected  by  TOU  rates  by  1997.  The  participa- 
tion rate  is  gradually  achieved  over  time,  starting  with  a  20  per- 
cent participation  rate  in  1988.  Phasing  in  the  participation  rate 
simulates  a  lag  in  the  implementation  of  TOU  rates  as  the  TOU 
rates  formulated  by  an  individual  utility  are  approved  when  that 
utility  appears  before  the  Massachusetts  DPU  for  its  general  rate 
hearing. 
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Customer  response  is  also  an  important  determinant  of  the  im- 
pact of  TOU  pricing.  A  customer's  response  to  TOU  pricing  is  de- 
termined by  the  flexibility  it  has  in  shifting  its  consumption  pat- 
terns, and  the  price  differential  between  peak  and  off-peak  prices. 
Some  customers  may  not  change  the  timing  of  their  electricity 
use,  choosing  instead  to  bear  higher  costs.  However,  many  others 
will  shift  consumption  to  off-peak  times  by  investing  in  different 
energy-using  technologies  or  changing  the  processes  for  which 
they  use  electricity.  For  example,  commercial  buildings  which 
generally  must  operate  at  specific  times  —  nine  to  five  —  may  in- 
stall new  storage  cooling  systems  to  move  air  conditioning  load 
to  off-peak  times  of  day.  Industrial  facilities,  on  the  other  hand, 
may  choose  to  shift  the  electricity-intensive  parts  of  their  produc- 
tion processes  to  off-peak  times.  The  decision  whether  to  shift 
usage  and  by  how  much  will  be  affected  by  the  costs  to  cus- 
tomers of  not  shifting.  Factors  determining  these  costs  include  the 
peak  to  off-peak  price  differential,  the  cost  of  new  equipment  and 
the  cost  and  ease  of  shifting  usage  to  another  time  while  continu- 
ing to  use  current  equipment.  (A  detailed  discussion  of  EOER's 
appoach  to  modeling  mandatory  commercial  and  industrial  TOU 
rates  appears  in  the  Technical  Appendix  companion  volume  to 
this  report.) 


THE  FORECAST  -  AGGREGATE 
TRENDS  IN  ENERGY 
CONSUMPTION  AND  PRICES 

Given  the  impacts  of  the  policies  described  in  the  previous  sec- 
tion, total  primary  energy  consumption  in  Massachusetts  over  the 
next  decade  is  expected  to  remain  near  1986  levels,  falling  at  an 
average  annual  rate  of  approximately  0.06  percent  over  the  1986 
to  1997  period.  (See  Table  50  and  Figure  21:  Massachusetts  To- 
tal Primary  Energy  Consumption,  1986-1997.)  Total  primary  energy 
demand  in  1997  is  projected  to  be  0.6  percent  below  1986  levels 
despite  a  much  higher  level  of  economic  activity  in  the  Common- 
wealth. (The  projected  Gross  State  Product  for  1997  is  35  percent 
above  that  recorded  in  1986  in  constant  dollars.)  As  indicated  in 
Table  50,  total  primary  energy  consumption  in  the  Commonwealth 
is  expected  to  decline  through  1991,  after  which  it  will  begin  to 
rise  slowly  as  incremental  demand  from  a  rising  number  of 
households  and  firms  begins  to  outpace  energy  efficiency  im- 
provements. The  number  of  households  in  Massachusetts  is 
projected  to  grow  by  32  percent  between  1986  and  1997. 

The  energy  intensity  of  the  Massachusetts  economy,  measured 
by  dividing  the  Commonwealth's  total  energy  use  (see  Table  51 
and  Figure  22:  Massachusetts  Total  Energy  Use  by  Sector, 
1986-1997)  by  the  Gross  State  Product,  has  fallen  dramatically  in 
the  last  decade  and  is  expected  to  continue  to  decline.  (See  Table 
52  and  Figure  23:  Energy  Intensity  of  the  Massachusetts  Econ- 
omy, 1976-1997)  In  1986,  Massachusetts  used  70  percent  of  the 
energy  required  in  1976  to  produce  a  dollar's  worth  of  product, 
while  in  1997  the  Commonwealth  will  need  only  55  percent  of  that 
amount  of  energy  to  produce  an  equivalent  amount  of  product. 
Thus,  Massachusetts  is  steadily  becoming  more  efficient  in  its 
use  of  energy.  This  is  the  result  of  continued  structural  change 


in  the  state  economy  and  efficiency  improvements  and  other  con- 
servation measures  brought  about,  in  part,  by  the  implementation 
of  appliance  efficiency  standards,  improved  building  code  stan- 
dards and  TOU  electricity  rates.  Anticipated  higher  fuel  prices  will 
also  induce  additional  conservation,  as  will  state  energy  conser- 
vation programs,  such  as  EOER's  Home  Energy  Assistance  Team 
(HEAT)  and  institutional  conservation  programs. 

Together,  appliance  efficiency  standards,  improved  building 
code  standards  and  TOU  electricity  rates  are  expected  to  lower 
Massachusetts'  primary  fuel  (oil,  natural  gas  and  coal)  consump- 
tion in  1997  by  4.3  percent,  the  equivalent  of  10.5  million  barrels 
of  oil,  compared  with  what  it  was  projected  to  have  been  with  no 
standards  or  rates.  (See  Figure  24:  Massachusetts  Primary  Fuel 
Consumption  Savings  from  Efficiency  Standards  and  TOU  Rates, 
1988-1997.)  Over  the  period  from  1988,  when  some  standards  be- 
gin to  go  into  effect,  through  1997,  the  Commonwealth  will  save 
a  total  of  403  TBTUs.  These  projected  fuel  savings  translate  into 
savings  to  consumers  of  $1.77  billion  in  current  dollars  or  $536 
million  in  1975  dollars  in  terms  of  reduced  fuel  costs  over  that 
period.  Of  course,  fuel  and  financial  savings  to  consumers  will 
continue  to  accrue  beyond  1997,  growing  in  importance  as  con- 
sumers and  businesses  gradually  add  to  or  replace  their  existing 
stock  of  appliances  and  buildings. 

As  shown  in  Figure  25,  the  share  of  various  fuels  and  electric- 
ity in  meeting  aggregate  Massachusetts  energy  demand  is  ex- 
pected to  shift  significantly  over  the  1986  to  1997  period,  with 
natural  gas,  and  to  a  lesser  extent  electricity,  registering  gains  in 
market  share,  primarily  at  the  expense  of  oil.  Demand  and  price 
projections  for  the  major  types  of  fuel  are  discussed  in  detail 
below. 

Oil  Demand  and  Prices 

As  indicated  in  Table  50  and  Figure  21,  oil  consumption  in 
Massachusetts  is  expected  to  decline  at  an  average  annual  rate 
of  1.6  percent  between  1986  and  1997,  or  about  half  the  average 
rate  at  which  it  fell  over  the  previous  decade.  Although  oil  is  ex- 
pected to  gradually  lose  market  share  to  natural  gas  and  electric- 
ity, in  1997  it  will  remain  the  dominant  type  of  fuel  consumed  in 
Massachusetts,  accounting  for  an  estimated  52  percent  of  the 
primary  energy  consumed  by  the  Commonwealth  in  that  year. 
Thus,  the  availability  and  cost  of  oil  supplies  will  continue  to  be 
of  critical  importance  to  Massachusetts  in  the  next  decade. 

Looking  at  year-to-year  trends  in  oil  consumption,  it  is  projected 
that  oil  use  will  fall  fairly  rapidly  through  1991  due  to  a  combina- 
tion of  conservation  and  fuel  switching.  After  1991,  oil  demand  will 
begin  to  inch  up  slowly  as  gains  in  the  number  of  households 
and  firms  begin  to  outweigh  continued  declines  in  average  con- 
sumption levels  per  user.  Total  savings  in  oil  consumption  in 
Massachusetts  as  the  result  of  the  implementation  of  appliance 
efficiency  and  building  code  standards  and  TOU  rates  are  esti- 
mated to  be  appoximately  30  million  barrels  (181  TBTUs)  over  the 
1988  to  1997  period,  most  of  which  will  occur  in  the  electric  util- 
ity sector. 

Projected  U.S.  crude  oil  prices  in  1975  dollars  are  shown  in  Ta- 
ble 47  and  Figure  20.  As  indicated  in  the  Table,  crude  prices  are 
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Table  50 

Massachusetts 

Total 

Primary  Energy  Consumption 

1986-1997 

(TBTUs) 

Total 

Oil 

Gas 

Coal 

Nuclear1 

Renewable2 

1986 

1 ,364.8 

859.0 

223.9 

157.9 

76.4 

47.5 

1987 

1,289.2 

751.8 

252.0 

154.6 

82.4 

48.4 

1988 

1,261.7 

716.9 

249.3 

138.0 

107.9 

49.6 

1989 

1,287.9 

709.5 

263.2 

136.8 

124.9 

53.5 

1990 

1,269.8 

690.8 

262.0 

126.5 

124.9 

65.5 

1991 

1,262.2 

683.6 

261.6 

121.6 

124.9 

70.4 

1992 

1,283.6 

688.0 

268.5 

131.3 

124.9 

70.9 

1993 

1,281.7 

685.2 

271.2 

129.5 

124.9 

70.9 

1994 

1,298.5 

687.0 

279.9 

135.8 

124.9 

70.9 

1995 

1,326.3 

697.7 

289.1 

144.0 

124.9 

70.9 

1996 

1,340.9 

701.4 

296.8 

146.9 

124.9 

70.9 

1997 

1,356.0 

708.1 

302.8 

149.3 

124.9 

70.9 

Average  Annual 

Growth  Rate 

1976-1986 

-0.7% 

-2.7% 

3.4% 

375% 

- 1 .9% 

4.3% 

1986-1997 

-0.06% 

-1.6% 

3.2% 

-0.5% 

5.8% 

4.5% 

1.  Represents  electricity  production  by  nuclear  power  plants. 

2.  Includes  renewable  fuel  used  for  residential  heating,  utility  and 
utility  electricity  production. 

Source:  SAFER  Model 


non- 


expected  to  rise  at  an  annual  average  rate  of  8.9  percent  over  the 
1986  to  1997  period,  with  most  of  this  increase  occurring  in  1987 
and  after  1991.  If  1986,  the  year  that  oil  prices  collapsed,  is  ex- 
cluded, a  more  moderate  average  increase  of  5.8  percent  in  real 
terms  is  projected. 

Note  that  the  forecast  does  not  include  any  scenario  for  an  oil 
price  shock,  as  occurred  in  1973  and  again  in  1979,  but  rather  as- 
sumes a  gradual  increase  in  oil  prices.  The  possibility  of  an  oil 
price  shock  in  the  forecast  period,  however,  cannot  be  dismissed 
in  light  of  growing  U.S.  dependence  on  imported  oil  and  con- 
tinued instability  in  the  Middle  East.  This  issue  and  its  potential 
impact  on  Massachusetts  is  discussed  in  some  detail  in  the  sup- 
ply section  of  this  chapter. 


Natural  Gas  Demand  and  Prices 

The  demand  for  natural  gas,  as  shown  in  Table  50  and  Figure 
21,  is  forecasted  to  rise  at  an  average  annual  rate  of  3.2  percent 
over  the  1986  to  1997  period,  slightly  below  the  3.4  percent 
growth  rate  of  the  last  decade  but  still  rapid  relative  to  other  fuels. 
Thus,  by  1997  total  energy  demand  for  gas  in  Massachusetts  is 
projected  to  be  approximately  one-third  higher  than  at  present. 

This  growth  in  gas  consumption  is  expected  to  take  place 


primarily  in  the  residential,  commercial  and  electric  utility  sectors, 
with  the  latter  registering  particularly  strong  gains  due  in  part  to 
the  construction  of  several  gas-fired  generating  plants.  The 
penetration  of  gas  use  for  residential  and  commercial  heating  in 
New  England  remains  low  by  national  standards,  indicating  sig- 
nificant room  for  expansion  as  incremental  pipeline  capacity  be- 
comes available.  Electric  utility  demand  for  gas  will  grow  substan- 
tially as  the  result  of  stricter  environmental  standards,  which  will 
encourage  the  use  of  gas  together  with,  or  in  place  of,  other  fuels 
at  existing  power  plants,  as  well  as  the  economic  and  environ- 
mental attractiveness  of  new  gas-fired  combined  cycle  and 
cogeneration  units.  Note  also  that  two  incipient  technologies  of 
potential  future  significance,  gas-fired  cooling  units  and 
methane-powered  vehicles,  have  not  been  included  in  this 
analysis. 

Savings  in  gas  consumption  of  about  157  million  MCF  will  be 
produced  in  Massachusetts  during  the  1988  to  1997  period  as  the 
result  of  appliance  efficiency  and  building  code  standards  and 
TOU  rates.  As  with  oil,  almost  all  of  these  savings  occur  in  the 
electric  utility  sector,  driven  by  reductions  in  demand  for  electric- 
ity that  will  result  from  the  implementation  of  these  policies. 

Natural  gas  prices  at  the  wellhead  are  expected  to  rise  at  an 
average  annual  rate  of  10.7  percent  through  1997,  as  shown  in 
Table  47  and  Figure  20.  Gas  prices  will  be  driven  upward  from  re- 
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Figure  21 

Massachusetts  Total  Primary  Energy  Consumption 
1986-1997 
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Table  51 

Massachusetts 

Energy  Use  by  Sector 

1986-1997' 
(TBTUs) 

Renewables 

Total2 

Residential 

Commercial 

Industrial 

Transportation 

1986 

1,061.1 

333.1 

186.1 

163.1 

378.8 

1987 

1,031.0 

337.6 

187.8 

166.9 

338.7 

1988 

1,030.3 

335.3 

185.9 

165.4 

343.7 

1989 

1,043.5 

343.1 

190.7 

170.9 

338.8 

1990 

1,041.1 

345.3 

191.0 

171.5 

333.3 

1991 

1 ,042.3 

348.0 

191.6 

172.6 

330.1 

1992 

1,045.3 

351.1 

192.6 

174.0 

327.6 

1993 

1,048.7 

354.6 

193.9 

175.3 

324.9 

1994 

1,051.8 

357.8 

195.0 

176.6 

322.4 

1995 

1,059.1 

361.6 

196.4 

178.3 

322.8 

1996 

1,066.1 

366.0 

198.0 

180.2 

321.9 

1997 

Average  Annual 

Growth  Rate 

1976-1986 

1986-1997 

1,074.7 

- 1 .2% 
0.1% 

370.2 

- 1 .8% 
1.1% 

199.6 

-2.1% 
0.7% 

182.2 

- 1 .5% 

1.1% 

322.7 

0% 

-1.3% 

1.  Includes  oil,  gas,  coal,  electricity  and  wood  consumed;  does  not  include  fuel  used  to  produce  electricity. 

2.  The  difference  between  this  total  and  the  total  column  in  Table  50  is  due  to  energy  lost  in  the  conversion  of  primary  energy  sources  to  electricity. 
Source:  SAFER  Model 
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Figure  22 

Massachusetts  Total  Energy  Use  by  Sector 
1986-1997 
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Table  52 

Energy  Intensity  of  the  Massachusetts  Economy 

1976-1997 

Energy 

Energy  Use1  Per 

Intensity 

Real  $  of  GSP 

Index 

(1000  BTUs/1975$) 

(1976=1) 

1976 

28.5 

1.00 

1977 

27.1 

.95 

1978 

25.7 

.90 

1979 

24.5 

.86 

1980 

24.1 

.85 

1981 

23.0 

.81 

1982 

23.0 

.81 

1983 

20.6 

.81 

1984 

20.4 

.72 

1985 

19.6 

.69 

1986 

19.8 

.70 

1987 

18.8 

.66 

1988 

18.2 

.64 

1989 

17.8 

.63 

1990 

17.4 

.61 

1991 

17.1 

.60 

1992 

16.8 

.59 

1993 

16.5 

.58 

1994 

16.2 

.57 

1995 

16.0 

.56 

1996 

15.7 

.55 

1997 

15.5 

.55 

1.  Includes  oil,  gas,  coal 
commercial,  industrial 
to  produce  electricity. 

Source:  SAFER  Model 


electricity  and  wood  consumed  by  the  residential, 
and  transportation  sectors.  Does  not  include  fuel  used 


cent  low  levels  by  the  gradual  dissipation  of  the  gas  bubble  as 
well  as  the  upward  drift  of  crude  oil  prices.  Although  wellhead  gas 
prices  are  expected  to  increase  at  a  faster  pace  than  crude  oil 
prices  over  the  1986  to  1997  period,  gas  is  expected  to  retain  a 
cost  advantage  over  oil  at  the  point  of  production  through  1997. 
Large  end-users,  such  as  electric  utilities  and  large  firms,  will  in- 
creasingly benefit  from  an  ability  to  purchase  gas  directly  from 
producers,  from  the  expected  shift  to  a  seasonal,  cost-based  rate 
structure  in  Massachusetts,  and  from  their  ability  to  switch  be- 
tween oil  and  gas  according  to  whichever  source  offers  the  most 
attractive  price  at  any  particular  time.  These  issues  are  addressed 
in  greater  detail  in  the  gas  supply  section  of  this  chapter. 

Coal  Demand  and  Prices 

The  demand  for  coal  in  Massachusetts,  94  percent  of  which  is 
currently  accounted  for  by  electric  utilities,  is  projected  to  fall 
somewhat  between  1986  and  1997,  with  annual  variations  occur- 
ring primarily  in  relation  to  the  availability  of  non-coal-fired  power 
plants.  The  projected  slackening  in  coal  demand  is  in  contrast  to 
the  substantial  growth  seen  in  Massachusetts'  consumption  of 
coal  in  the  last  decade  as  utilities  sought  to  diversify  their  gener- 
ation mix  away  from  oil.  The  primary  constraint  on  future  coal 
consumption  in  the  Commonwealth  is  environmental;  coal  sup- 
ply and  prices  are  expected  to  remain  advantageous  relative  to 
other  fuels.  Natural  gas  may  increasingly  be  used  in  combination 
with  coal  at  existing  coal  plants  in  order  to  meet  air  quality  stan- 
dards. Aggregate  savings  in  coal  consumption  as  the  result  of 
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Figure  23 

Energy  Intensity  of  the 

Massachusetts  Economy 

1976-1997 


Figure  24 

Massachusetts  Primary  Fuel  Consumption  Savings 

from  Efficiency  Standards^  and  TOU  Rates 

1988-1997 
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1.  Includes  impacts  of  MA  and  national  appliance 
efficiency  standards,  new  MA  building  code,  and 
proposed  1992  lighting  standards. 


TOU  rates,  building  codes  and  appliance  standards  are  expected 
to  equal  some  2.2  million  tons  between  1988  and  1997. 

As  shown  in  Table  47  and  Figure  20  at  the  point  of  production  | 
coal  is  expected  to  increase  its  cost  advantage  over  oil  and  gas 
in  the  future.  Coal  prices  at  the  mine  mouth  are  projected  to  rise 
at  an  average  annual  rate  of  just  2.2  percent  in  real  terms  over 
the  1986  to  1997  period,  well  below  the  price  increases  expected 
for  competing  fuels.  Large  domestic  supplies  and  excess  produc- 
tion capacity  are  the  major  factors  that  will  moderate  coal  price 
increases. 


Nuclear  Energy  Demand 

Nuclear  energy  demand  is  projected  to  increase  between  1986 
and  1988  as  the  Millstone  3  nuclear  power  plant  is  added  to 
Massachusetts'  electricity  supply  mix,  and  if  the  Pilgrim  I  power 
plant  returns  to  service  by  mid-1988.  Between  1989  and  1997 
nuclear  energy  demand  is  projected  to  remain  constant,  assum- 
ing that  the  nuclear  power  plants  which  serve  Massachusetts 
operate  at  expected  levels  of  availability  and  reliability.  Nuclear! 
energy  will  constitute  approximately  nine  percent  of  Massachu- 
setts total  primary  energy  consumption  in  1997.  (See  Table  50  and 
Figure  21.) 


Renewable  Energy  Demand 

While  consumption  of  renewable  fuels  will  continue  to  grow  in 
Massachusetts,  the  rate  of  growth  is  uncertain.  The  end-uses  for 
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Figure  25 

Massachusetts  Primary  Energy  Market  Shares 

1986  and  1997 

(Percent  of  Total  BTUs  Consumed) 
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Renewables 
Nuclear     (3.5%) 
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(11.6%) 


Gas 

(16.4%) 


1997 


which  renewable  resources  are  most  developed  are  electricity 
generation  and  residential  space  and  water  heating.  Detailed  data 
on  renewables  use  are  more  available  for  the  former  than  the 
latter. 

Electricity  Generation:  The  use  of  renewable  resources  — 
hydro,  wind,  wood,  and  biomass  —  for  electricity  generation  is 
expected  to  increase  significantly  over  the  next  10  years  as  a 
result  of  the  expected  growth  in  the  number  of  small  power 
producers.  (See  Table  53  and  Figure  26:  Massachusetts  Electric- 
ity Generation  by  Renewable  Small  Power  Producers  and 
Cogenerators,  1986-1997.)  Electricity  generated  by  renewable 
small  power  facilities  is  expected  to  increase  from  674  GWH  in 
1986  to  at  least  2242  GWH  by  1997,  and  capacity  is  projected  to 
increase  from  119  MW  in  1986  to  at  least  361  MW  by  1997  The 
bulk  of  this  increase  is  expected  to  occur  as  a  result  of  the  de- 
velopment of  refuse-to-energy  plants. 

Utilities  also  rely  on  renewable  resources,  primarily  hydro,  for 
a  portion  of  their  generating  capacity,  and  hydroelectric  power  is 
projected  to  continue  to  supply  about  five  percent  of  the  utilities' 
generating  capacity  throughout  the  forecast  period.  Massachu- 
setts' utilities  also  have  about  590  MW  of  pumped  storage  capa- 
city, equivalent  to  about  five  percent  of  generating  capacity  in 

1986.  In  these  facilities,  water  is  pumped  into  holding  ponds  dur- 
ing periods  of  time  when  electricity  demand  is  low,  and  therefore 
the  cost  of  electricity  is  low,  and  run  down  through  turbines  to 
generate  electricity  at  periods  of  high  electricity  demand. 

Residential  Uses:  Residential  use  of  renewable  energy  for 
space  and  water  heating  is  expected  to  remain  fairly  constant 
over  the  next  10  years  barring  sudden  and  sustained  increases 
in  oil  prices.  Use  of  wood  for  home  heating  increased  substan- 
tially over  the  last  10  years  and  is  projected  to  remain  at  current 
levels  through  1997  Lower  fossil  fuel  prices  and  environmental 
concerns  will  tend  to  limit  increased  wood  consumption  in  the 
future. 

The  use  of  solar  water  heaters  also  grew  over  the  last  10  years, 
spurred  by  high  fossil  fuel  and  electricity  prices  and  the  availa- 
bility of  federal  and  state  solar  tax  credits.  While  federal  credits 
have  expired,  state  tax  credits  are  still  available  until  the  end  of 

1987.  Residential  use  of  solar  water  heating  is  expected  to  remain 
at  least  at  current  levels  through  the  next  10  years.  With  ad- 
vances in  the  technology,  or  significant  increases  in  conventional 
fuel  costs,  it  would  be  expected  to  increase. 

Other  Uses:  EOER  has  among  its  goals  the  promotion  of  the 
use  of  renewable  resources  and  the  encouragement  of  Massa- 
chusetts' photovoltaic  industry.  To  these  ends,  EOER  administers 
several  programs  which  provide  funding  and  technical  assistance 
for  installation  of  photovoltaic  and  other  renewable  energy  sys- 
tems. The  purpose  of  these  programs  is  to  identify  applications 
where  the  use  of  photovoltaics  and  other  renewables  is  economic 
and  then  to  promote  these  uses  throughout  the  Commonwealth. 
To  the  extent  that  new  applications  prove  economic,  renewable 
resource  use  will  increase  in  Massachusetts. 


61 


State  Annual  Forecast  of  Energy  Resources 


Table  53 

Massachusetts 

Electricity  Generation 

by  Renewable  Small  Power  Producers  and  Cogenerators 

1986-1997 
(GWH) 


Total 


Biomass 


Hydro 


Refuse 


Solar 


1986 

674 

1987 

737 

1988 

841 

1989 

1,105 

1990 

1,927 

1991 

2,242 

1992 

2,242 

1993 

2,242 

1994 

2,242 

1995 

2,242 

1996 

2,242 

1997 

2,242 

Average  Annual 

Growth  Rate 

1986-1997 

21% 

0 

0 

0 

0 

62 

141 

141 

141 

141 

141 

141 

141 

N.D.* 


248 
248 
248 
248 
248 
248 
248 
248 
248 
248 
248 
248 

0% 


426 

489 

531 

795 

1,555 

1,791 

1,791 

1,791 

1,791 

1,791 

1,791 

1,791 

29% 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0% 


0 
0 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 

N.D. 


*  N.D.  =  Not  Defined 

Sources:  SAFER  Model;  New  England  Governors'  Conference,  Inc.  survey,  December  1986 

Figure  26 

Massachusetts  Electricity  Generation  by  Renewable  Small  Power  Producers  and  Cogenerators 
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Electricity  Demand  and  Prices 

Given  the  implementation  of  appliance  efficiency  and  building 
code  standards  and  TOU  rates,  Massachusetts'  annual  demand 
for  electricity  is  forecasted  to  grow  at  an  average  annual  rate  of 
1.7  percent  between  1986  and  1997,  down  from  the  2.7  percent 
average  yearly  growth  which  took  place  over  the  last  decade.  To- 
tal electricity  consumption  in  1997,  as  shown  in  Table  54:  Massa- 
chusetts Total  Electricity  Consumption  and  Peak  Demand, 
1986-1997,  is  thus  expected  to  be  about  19  percent  higher  than 
in  1986.  Peak  demand,  another  factor  affecting  the  need  for  new 
power  plants,  is  estimated  to  increase  at  an  average  annual  rate 
of  1.2  percent.  The  forecasted  growth  in  both  annual  consump- 
tion and  peak  demand  for  electricity  is  primarily  the  result  of  con- 
tinued economic  growth  in  the  state  and  an  associated  increase 
in  the  number  of  households  and  firms  in  the  Commonwealth. 
Also  partially  responsible  is  the  continuing  shift  of  the  Massa- 
chusetts economy  from  basic  industry  to  high  technology  and 
services,  which  tend  to  be  more  electricity-intensive  in  their 
energy  use. 

The  appliance  efficiency  standards,  building  code  revisions  and 
TOU  rates  analyzed  by  EOER  were  aimed  primarily  at  reducing 
electricity  demand,  although  by  so  doing  they  also  reduce 
Massachusetts'  demand  for  oil,  natural  gas  and  coal.  These 
measures  have  a  significant  impact  in  terms  of  lowering  annual 
consumption  and  peak  electricity  demand  relative  to  what  they 


Table  54 

Massachusetts 

Total  Electricity  Consumption  and  Peak  Demand 

1986-1997' 


Electricity  Consumed 

(GWH) 


Peak  Demand 

(MW) 


Utility 
Sales 


Self- 
Generation 


Total 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 


39,136 
39,865 
41,065 
42,548 
42,802 
43,110 
43,546 
44,083 
44,689 
45,285 
45,984 
46,698 


Average  Annual 
Growth  Rate 
1976-1986     2.6% 
1986-1997     1.8% 


949 
945 
947 
949 
954 
964 
976 
983 
987 
991 
997 
996 


1 .4% 
0.4% 


40,085 
40,810 
42,012 
43,497 
43,756 
44,074 
44,522 
45,066 
45,676 
46,276 
46,981 
47,694 


2.6% 
1 .7% 


8,582 
8,776 
8,864 
9,108 
9,093 
9,087 
9,075 
9,187 
9,314 
9,439 
9,578 
9,729 


2.8% 
1 .2% 


i.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards, 
new  MA  building  code,  proposed  1992  national  lighting  standards  and 
mandatory  TOU  rates  for  large  commercial/industrial  customers. 

Source:  SAFER  Model 
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were  projected  to  be  without  standards  or  TOU  rates,  as  indicated 
in  Tables  55,  56,  and  57  and  Figure  27.  In  1997,  electricity  saved 
from  these  measures  is  projected  to  be  1870  GWH,  while  peak 
capacity  savings  are  1038  MW.  Over  the  1988  to  1997  period,  it 
is  projected  that  a  total  of  8639  GWH  will  be  saved  as  the  result 
of  the  enactment  of  these  measures. 

Electricity  prices  in  Massachusetts  are  expected  to  remain  fairly 
stable  in  constant  dollar  terms  through  1997,  as  higher  costs  for 
fuel  inputs  and  overhead  are  offset  somewhat  by  the  impact  of 
new  power  plants  coming  on-line  whose  costs  are  less  than  aver- 
age system  costs.  The  average  price  per  KWH  for  residential  cus- 
tomers in  the  Commonwealth  is  expected  to  be  five  cents  (1975$) 
in  1997,  virtually  the  same  as  the  1986  price  (in  1975$).  Electric- 
ity prices  for  commercial  and  industrial  users  are  expected  to  fol- 
low a  similar  trend. 

Table  55 

Massachusetts 

Electricity  Consumption 

with  Alternative  Policies 

1986-1997' 

(GWH) 

Appl.  &        Appl.  &  Bldg.     Appl.  &  Bldg.    All  Codes, 
Bldg.  Code   Code  and  1992       Code  and       Standards, 


Standards 


Standards 


TOU  Rates4 


&  Rates 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 


40,085 
40,810 
42,012 
43,484 
43,754 
44,080 
44,520 
45,151 
45,895 
46,620 
47,424 
48,270 


Average  Annual 
Growth  Rate 
1986-1997    1.9% 


40,085 
40,810 
42,012 
43,484 
43,754 
44,080 
44,506 
45,038 
45,657 
46,265 
46,949 
47,639 

1 .7% 


40,085 

40,085 

40,810 

40,810 

42,012 

42,012 

43,497 

43,497 

43,756 

43,756 

44,074 

44,074 

44,536 

44,522 

45,182 

45,066 

45,921 

45,676 

46,653 

46,276 

47,486 

46,981 

48,320 

47,694 

1 .9% 


1.7% 


1.  Includes  both  utility  sales  and  self-generation. 

2.  Includes  MA  appliance  and  building  code  standards  (effective  January 
1988)  and  national  appliance  efficiency  standards  (effective  1990  and 
1992). 

3.  Proposed  1992  national  lighting  code. 

4.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 
Source:  SAFER  Model 
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Figure  27 

Massachusetts  Peak  Electricity  Demand 

With  Alternative  Policies 

1986-1997 
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Table  57 

Massachusetts  Electricity  Consumption  and  Peak  Demand: 
Impacts  of  Appliance  Efficiency  Standards,  1992  Lighting  Code  and  TOU  Rates 

1986-1997' 


Reduction  in 

Electric 

ty  Consumption 

Reduction 

in  Peak  Demand 

(GWH) 

(MW) 

AppI.Eff. 

1992  Code 

TOU  Rate 

Combined 

AppI.Eff. 

1992  Code 

TOU  Rate 

Combined 

Only2 

Only3 

Only4 

Impact5 

Only2 

Only3 

Only4 

Impact5 

1986 

0 

0 

0 

0 

0 

0 

0 

0 

1987 

0 

0 

0 

0 

0 

0 

0 

0 

1988 

86 

0 

0 

86 

17 

0 

178 

195 

1989 

102 

0 

-136 

89 

21 

0 

254 

275 

1990 

396 

0 

-    2 

394 

82 

0 

330 

412 

1991 

553 

0 

6 

559 

114 

0 

407 

521 

1992 

636 

14 

-16 

634 

125 

22 

518 

663 

1993 

785 

113 

-31 

870 

146 

64 

531 

739 

1994 

917 

238 

-26 

1,136 

161 

116 

549 

819 

1995 

1,043 

355 

-33 

1,387 

172 

162 

566 

894 

1996 

1,171 

475 

-62 

1,614 

181 

215 

579 

970 

1997 

1,294 

631 

-50 

1,870 

188 

277 

601 

1,038 

1.  Effects  of  MA  building  code  standards  not  isolated. 

2.  Includes  MA  appliance  standards  (effective  January  1988)  and  national  appliance  efficiency  standards  (effective  1990  and  1992). 

3.  Proposed  1992  national  lighting  code. 

4.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 

5.  Combined  reduction  less  than  sum  of  individual  impacts  due  to  overlapping  effects. 

6.  A  negative  number  denotes  increase  rather  than  reduction  in  consumption. 
Source:  SAFER  Model 
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Table  56 

Massachusetts  Peak  Electricity  Demand 

with  Alternative  Policies 

1986-1997 

(MW) 


Appl.  & 

Appl.  &  Bldg. 

Appl.  &  Bldg. 

All  Codes, 

Bldg.  Code 

Code  and  1992 

Code  and 

Standards, 

Standards1 

Standards2 

TOU  Rates3 

&  Rates 

1986 

8,582 

8,582 

8,582 

8,582 

1987 

8,776 

8,776 

8,776 

8,776 

1988 

9,042 

9,042 

8,864 

8,864 

1989 

9,362 

9,362 

9,108 

9,108 

1990 

9,423 

9,423 

9,093 

9,093 

1991 

9,494 

9,494 

9,087 

9,087 

1992 

9,613 

9,591 

9,095 

9,075 

1993 

9,780 

9,716 

9,249 

9,187 

1994 

9,972 

9,856 

9,423 

9,314 

1995 

10,161 

9,999 

9,595 

9,439 

1996 

10,367 

10,152 

9,788 

9,578 

1997 

10,579 

10,302 

9,978 

9,729 

Average  Annual 

Growth  Rate 

1986-1997 

2.1% 

1 .8% 

1.5% 

1 .2% 

Chapter  3 

THE  FORECAST  -  SECTORAL 
TRENDS  IN  ENERGY 
CONSUMPTION  AND  PRICES 

The  Residential  Sector 

Overall  Picture 

Energy  consumption  in  the  residential  sector  is  expected  to  in- 
crease at  an  average  annual  rate  of  1.1  percent  for  the  next  10 
years.  This  trend  of  growth  in  energy  consumption  contrasts  with 
the  declining  energy  demand  that  characterized  most  of  the  past 
decade,  when  energy  consumption  decreased  at  an  average  rate 
of  1.6  percent  per  year.  As  a  result  of  this  projected  upward  trend, 
37.1  TBTUs  more  energy  will  be  consumed  by  the  residential  sec- 
tor in  1997  than  were  consumed  in  1986.  (See  Table  58  and 
Figure  28:  Residential  Energy  Consumption  by  Fuel  Type, 
1986-1997) 


Includes  MA  appliance  and  building  code  standards  (effective  January 

1988)  and  national  appliance  efficiency  standards  (effective  1990  and 

1992). 

Proposed  1992  national  lighting  code. 

Mandatory  TOU  rates  for  large  commercial/industrial  customers. 


Source:  SAFER  Model 


Table  58 

Residential  Energy  Consumption  by  Fuel  Type 

1986-199T 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 


Wood' 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Average  Annual 

Growth  Rate 

1976-1986 

1986-1997 


333.1 
337.6 
335.3 
343.1 
345.3 
348.0 
351.1 
354.6 
357.8 
361.6 
366.0 
370.2 


-  1 .6% 
1.1% 


152.0 

152.0 

145.2 

147.1 

146.5 

146.7 

147.4 

147.9 

148.2 

149.1 

150.1 

151.1 

-3.7% 

-0.1% 

112.5 
116.0 
119.3 
123.2 
125.6 
127.6 
129.5 
131.6 
133.8 
135.8 
138.1 
140.3 


1 .2% 
2.2% 


3.1 
3.4 
3.2 
3.3 
3.3 
3.4 
3.5 
3.5 
3.6 
3.7 
3.8 
3.9 


15.8% 
2.3% 


46.9 
47.5 
48.9 
50.9 
51.2 
51.6 
52.1 
52.8 
53.6 
54.3 
55.2 
56.1 


1 .7% 
1 .8% 


18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 
18.7 


7.2% 
0% 


1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  and  new  MA  building  code  (Proposal  I). 

2.  1986-1997  estimates  based  on  1981  data  from  Massachusetts  Energy  Path:  1983  Statistical  Update  to  Volume 


Source:  SAFER  Model 


65 


State  Annual  Forecast  of  Energy  Resources 


Figure  28 

Residential  Energy  Consumption 

by  Fuel  Type 
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Oil,  which  supplied  61  percent  of  the  residential  sector's  energy 
in  1976,  is  expected  to  continue  to  lose  market  share  to  gas  and 
electricity.  Oil  demand  will  fall  off  only  slightly  in  the  next  decade, 
but  is  projected  to  lose  market  share  steadily,  comprising  41  per- 
cent of  the  residential  sector's  energy  use  by  1997,  down  from  46 
percent  in  1986. 

Natural  gas  will  realize  the  largest  gains  in  market  share  dur- 
ing the  next  10  years,  expanding  its  1986  share  of  the  residential 
market  from  34  percent  to  38  percent  by  1997.  The  gas  demand 
forecast  shows  consumption  increasing  at  a  2.2  percent  average 
annual  rate  for  the  next  10  years,  roughly  double  the  rate  ob- 
served in  the  last  decade. 

Electricity  use  will  also  continue  to  grow  steadily,  averaging  1.8 
percent  per  year  for  the  next  10  years,  roughly  the  same  rate  of 
growth  which  occurred  during  the  last  10  years. 

Renewable  energy  consumption  (primarily  wood  for  residential 
space  heating)  is  projected  to  remain  constant  over  the  next  10 
years. 

Residential  energy  prices  are  generally  expected  to  rise  over 
the  next  10  years,  although  there  will  be  year-to-year  fluctuations. 
The  forecasts  of  both  current  and  constant  dollar  delivered  energy 
prices  are  summarized  in  Table  59  and  Figure  29:  Residential 
Delivered  Fuel  Prices,  1986-1997.  Among  the  major  fuels,  oil 
prices  for  households  will  increase  most  rapidly,  growing  at  an 


average  rate  of  3.8  percent  annually.  Natural  gas  prices  are  also 
predicted  to  rise  steadily,  on  average  at  2.6  percent  per  year.  The 
delivered  price  of  coal  is  forecasted  to  grow  slowly,  increasing  by 
only  eight  percent  over  the  entire  forecast  period,  or  0.7  percent 
per  year.  The  constant  dollar  price  of  electricity  will  remain  effec- 
tively unchanged  during  the  forecast  period. 

The  appliance  efficiency  standards  and  building  code  revisions 
included  in  EOER's  analysis  of  future  energy  consumption  will 
have  a  significant  impact  on  residential  energy  consumption.  By 
1997,  it  is  estimated  that  these  measures  will  reduce  total  residen- 
tial demand  by  6.3  TBTUs  annually,  or  about  two  percent. 
Residential  electricity  and  gas  use  are  lowered  by  six  percent  and 
1.3  percent  respectively,  while  oil  use  is  decreased  by  less  than 
one  percent. 

Space  Heating 

The  residential  sector's  demand  for  space  heating,  which  cur- 
rently comprises  about  70  percent  of  total  energy  use  by  the  sec- 
tor, is  expected  to  rise  steadily  over  the  coming  decade.  As  shown 
in  Table  60  and  Figure  30,  total  household  demand  for  space 
heating  in  1997  is  forecasted  to  be  7.8  percent  higher  than  in 
1986,  but  still  will  be  considerably  below  1976  consumption  levels. 
This  rise  in  demand  will  be  driven  primarily  by  a  2.9  percent 
average  annual  increase  in  the  number  of  households  in  Mas- 
sachusetts, a  trend  which  will  outweigh  the  anticipated  improve- 
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Table  59 

Residential 

Delivered  Fuel  Prices 

1986-1997 


Current  Dollars 


Constant  Dollars  (1975$) 


Oil 

(Gallon) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Electricity 

(KWH) 


Oil 

(Gallon) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Electricity 

(KWH) 


0.76 
0.89 
0.94 
1.02 
1.12 
1.22 
1.33 
1.45 
1.61 
1.75 
1.91 
2.07 


7.61 

8.25 

8.96 

9.57 

10.17 

11.04 

12.02 

13.11 

14.34 

15.70 

16.97 

18.46 


83.99 

88.95 

94.20 

99.76 

105.66 

112.75 

120.65 

129.10 

138.90 

148.19 

158.82 

170.18 


0.09 
0.10 
0.10 
0.10 
0.11 
0.12 
0.13 
0.14 
0.16 
0.17 
0.18 
0.19 


0.38 
0.42 
0.42 
0.43 
0.45 
0.46 
0.47 
0.48 
0.50 
0.52 
0.53 
0.54 


3.76 
3.86 
3.97 
4.02 
4.04 
4.14 
4.24 
4.36 
4.50 
4.64 
4.73 
4.86 


41.52 
41.64 
41.76 
41.88 
42.01 
42.25 
42.61 
42.97 
43.58 
43.82 
44.30 
44.79 


0.05 
0.05 
0.05 
0.04 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 


Source:  SAFER  Model 


Table  60 

Residential 

Space  Heating  Energy  Consumption  by  Fuel  Type 

1986-199T 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 


Wood 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Average  Annual 

Growth  Rate 

1976-1986 

1986-1997 


240.39 

131.49 

82.14 

3.09 

4.97 

18.7 

243.04 

130.86 

85.00 

3.40 

5.08 

18.7 

239.39 

124.36 

87.76 

3.20 

5.38 

18.7 

244.16 

125.50 

90.94 

3.28 

5.75 

18.7 

245.46 

124.46 

93.03 

3.33 

5.94 

18.7 

247.16 

124.19 

94.76 

3.39 

6.12 

18.7 

249.03 

124.32 

96.32 

3.46 

6.23 

18.7 

250.94 

124.33 

98.05 

3.54 

6.33 

18.7 

252.53 

124.06 

99.73 

3.62 

6.41 

18.7 

254.59 

124.39 

101.31 

3.72 

6.48 

18.7 

256.94 

124.83 

103.07 

3.82 

6.53 

18.7 

259.11 

125.22 

104.68 

3.91 

6.59 

18.7 

-2.7% 

-4.3% 

-0.1% 

15.7% 

0.3% 

- 
7.2% 

0.8% 

-0.4% 

2.5% 

2.4% 

3.0% 

0% 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  and  new  MA  building  code  (Proposal  I). 

2.  1986-1997  EOER  projections  based  on  1981  data  from  Massachusetts  Energy  Path:  1983  Statistical  Update  to  Volume 
Source:  SAFER  Model 
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State  Annual  Forecast  of  Energy  Resources 


Figure  29 

Residential 

Delivered  Fuel  Prices 
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Figure  30 

Residential  Space  Heating 

Energy  Consumption  by  Fuel  Type 

1986-1997 
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merits  in  the  efficiency  of  heating  systems  and  the  tightness  of 
housing  shells.  (See  Table  61:  Residential  Sector  Basic  Economic 
and  Demographic  Statistics,  1986-1997) 

Household  level  consumption  is  expected  to  decrease,  continu- 
ing the  trend  of  the  last  10  years.  (See  Table  62:  Household  Aver- 
age Space  Heating  Energy  Consumption,  1986-1997.)  This  con- 
tinued decline  will  result  in  part  from  state-sponsored  residential 
energy  conservation  programs  which  continue  to  prove  both 
cost-effective  and  popular  with  consumers.  (EOER's  HEAT  Pro- 
gram is  estimated  to  have  leveraged  $17  million  of  investment  in 
residential  energy  conservation  in  its  first  year  of  operation  and 
is  projected  to  leverage  another  $37  million  of  investment  in  its 
second  year.  Over  its  three-year  term,  the  program  is  projected 
to  leverage  $97  million  of  investment  in  residential  energy  con- 
servation, primarily  affecting  residential  space  heating,  paying  the 
interest  on  21,000  loans.) 

Natural  gas,  and  to  a  lesser  extent  electricity,  are  seen  as  mak- 
ing market  share  gains  in  the  residential  space  heating  sector  at 
the  expense  of  oil  between  1986  and  1997.  Over  this  period,  gas 
use  for  space  heating  is  expected  to  rise  at  an  average  annual 
rate  of  2.5  percent.  In  the  past,  supply  constraints  have  limited  the 
rate  at  which  gas  utilities  could  add  new  space  heating  cus- 
tomers. The  expected  availability  of  new  pipeline  supplies  over 
the  next  decade  should  significantly  relieve  this  constraint.  The 
projected  increase  in  gas  use  for  space  heating  will  be  due  partly 
to  the  conversion  of  households  which  are  already  hooked  up  to 


gas  lines  for  non-heating  purposes  to  gas  heating.  Also,  new 
housing  and  the  continued  extension  of  pipeline  gas  networks  to 
new  towns  and  to  parts  of  towns  not  currently  served  by  such  gas 
will  boost  residential  gas  demand  in  the  state. 

Oil  demand  for  residential  space  heating  is  expected  to  fall  off 
slightly  from  current  levels,  although  oil  will  continue  to  be  the 
most  widely  used  fuel  for  heating  by  Massachusetts'  households 
through  1997.  Stimulated  by  lower  prices,  as  well  as  slightly 
colder  than  normal  weather,  oil  demand  for  space  heating  rose 
three  percent  in  1986,  a  sharp  reversal  of  earlier  trends  which 
were  driven  primarily  by  high  oil  prices.  By  1988,  it  is  expected 
that  higher  oil  prices  will  have  once  again  reduced  demand. 
Thereafter,  oil  demand  for  space  heating  is  projected  to  remain 
fairly  flat,  as  demand  from  new  households  will  roughly  counter- 
balance household  efficiency  gains. 

Electricity  use  for  space  heating  will  grow  at  an  average  annual 
rate  of  three  percent  between  1987  and  1997,  thus  slightly  boost- 
ing its  share  of  the  home  heating  market  in  Massachusetts  but 
remaining  small  in  comparison  with  oil  and  gas  consumption.  An- 
ticipated demand  growth  is  largely  the  result  of  the  increasing 
number  of  households  and  the  higher  share  of  electrical  space 
heating  in  new  homes,  rather  than  the  conversion  of  existing 
homes  from  oil  or  gas  to  electric  heating.  Despite  the  higher 
monthly  cost  to  heat  a  given  home  with  electricity,  electric  heat 
is  a  popular  choice  in  new  homes  because  of  the  low  initial  cap- 
ital investment  it  requires. 
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Table  61 

Residential  Sector 

Basic  Economic  and 

Demographic  Statistics 

1986-1997 


Number  of 

Personal 

Population 

Households 

Income 

(Thousands) 

(Thousands) 

(Billions  of  1975$) 

1986 

5,834 

1987 

5,848 

1988 

5,855 

1989 

5,864 

1990 

5,917 

1991 

5,933 

1992 

5,948 

1993 

5,964 

1994 

5,980 

1995 

5,996 

1996 

6,025 

1997 

6,055 

Average  Annual 

Growth  Rate 

1976-1986 

0.16% 

1986-1997 

0.34% 

2,207 
2,266 
2,354 
2,433 
2,489 
2,546 
2,602 
2,659 
2,718 
2,778 
2,840 
2,904 


1 .2% 
2.9% 


48.30 
49.57 
51.51 
53.23 
54.46 
55.72 
57.00 
58.32 
59.66 
61.04 
62.45 
63.89 


2.7% 
2.9% 


Sources:  SAFER  Model;  U.S.  Department  of  Commerce,  Bureau  of 
Census 

The  new  residential  building  code  standards  and  heating  ap- 
pliance efficiency  standards,  which  will  go  into  effect  in  1988  and 
1992  respectively,  will  reduce  the  average  amount  of  energy  used 
per  household  for  space  heating,  with  the  primary  impact  occur- 
ring in  new  construction.  Changes  in  the  building  code  will  im- 
prove the  average  shell  efficiency  of  new  homes  by  about  15  per- 
cent beginning  in  1988,  and  include  requirements  for  higher 
levels  of  efficiency  for  homes  with  electric  resistance  heat.  The 
heating  appliance  efficiency  standards,  which  will  go  into  effect 
nationally  in  1992,  are  expected  to  significantly  improve  the  aver- 
age efficiency  of  new  electric  heating  appliances  but  will  only 
marginally  improve  the  average  efficiency  of  new  oil  and  gas-fired 
heating  devices.  Electric  heat  pumps,  which  are  expected  to  ac- 
count for  40  percent  of  the  new  electric  space  heating  demand 
by  1997,  will  account  for  all  of  this  efficiency  improvement. 

Water  Heating,  Cooking  and  Drying  —  Substitutable 
End-Uses 

Water  heating,  cooking  and  clothes  drying  are  the  three  other 
major  residential  end-uses  for  which  more  than  one  type  of 
energy  or  fuel  can  be  used.  The  demand  for  energy  for  water 
heating,  which  in  1986  accounted  for  about  17  percent  of  total 
residential  energy  use  in  Massachusetts,  is  expected  to  grow  at 
an  average  annual  rate  of  1.4  percent  through  1997,  well  below 
the  5.6  percent  growth  rate  seen  in  the  last  decade.  (See  Table 
63  and  Figure  31:  Residential  Substitutable  End-Uses  Energy 


Table  62 

Household  Average 

Space  Heating 

Energy  Consumption 

1986-1997 

Total 

Residential 

Space  Heating 

Consumption 

(TBTUs) 

Number  of 
Households 

(Thousands) 

■ 

Household 

Average 

Consumption 

(Million  BTUs) 

1986 

240.39 

2,207 

100.4 

1987 

243.04 

2,266 

99.0 

1988 

239.39 

2,354 

93.8 

1989 

244.16 

2,433 

92.7 

1990 

245.46 

2,489 

91.1 

1991 

247.16 

2,546 

89.7 

1992 

249.03 

2,602 

88.5 

1993 

250.94 

2,659 

87.2 

1994 

252.53 

2,718 

86.0 

1995 

254.59 

2,778 

84.9 

1996 

256.94 

2,840 

83.9 

1997 

259.11 

2,904 

82.8 

Sources:  SAFER  Model;  U.S.  Department  of  Commerce,  Bureau  of 
Census 


Consumption,  1986-1997.)  This  projected  reduction  in  demand 
growth  is  due  primarily  to  the  implementation  of  Massachusetts' 
appliance  efficiency  standards  for  water  heaters  and  shower- 
heads  in  1988  and  federal  standards  for  water  heaters  in  1990. 
(See  Table  64:  Residential  Water  Heating:  Impact  of  Appliance  Ef- 
ficiency Standards,  1988-1997.)  For  example,  new  water  heater  ef- 
ficiency leaps  nine  to  24  percentage  points  in  1988  (depending 
on  the  choice  of  fuel)  as  the  result  of  the  Massachusetts  stan- 
dards being  instituted. 

Oil  and  electricity  use  for  water  heating  are  expected  to  remain 
almost  level,  with  rising  efficiency  counterbalancing  growth  in  the 
total  number  of  units.  Thus,  the  projected  15  percent  increase  in 
energy  demand  for  water  heating  between  1986  and  1997  will  be 
met  largely  by  natural  gas.  (See  Table  65  and  Figure  32:  Residen- 
tial Water  Heating  Energy  Consumption  by  Fuel  Type,  1986-1997.) 

Total  residential  energy  demand  for  cooking  and  clothes  drying 
are  expected  to  increase  annually  by  1.9  percent  and  five  percent 
respectively  over  the  1986  to  1997  period.  Electricity  and  gas 
each  currently  have  a  market  share  of  approximately  50  percent 
in  terms  of  the  energy  used  for  cooking,  while  gas  currently  ac- 
counts for  about  58  percent  of  the  energy  used  for  clothes  dry- 
ing in  Massachusetts.  Electricity  is  expected  to  gain  market  share 
in  cooking,  but  lose  market  share  in  clothes  drying  to  gas.  (See 
Table  63.) 
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Figure  31 

Residential  Substitutable  End-Uses 

Energy  Consumption 

1986-1997 


1986       1987        1988       1989        1990       1991        1992        1993        1994        1995        1996       1997 


Water  Heating 


Cooking 


Drying 


Table  63 

Table  64 

Residential 

Residential  Water  Heating: 

Substitutable  End-Uses  Energy  Consumption 

Impact  of  Appliance  Efficiency  Standards 

1986-1997' 

s 

1988-1997 

(TBTUs) 

Consumption 
Without 

Consumption 
With 

Water 

Percent 

Total 

Heating 

Cooking 

Drying 

Appliance 
Standards 

(TBTUs) 

Appliance 
Standards         En 

(TBTUs) 

Reduction  in 

1986 
1987 

62.75 
64.06 
64.37 

53.06 
54.11 
54.04 

5.61 
5.70 
5.86 

4.07 
4.25 
4.47 

ergy  Consumption 

(%) 

1988 

1988 

54.61 

54.04 

1.0 

1989 

66.19 

55.37 

6.08 

4.74 

1989 

56.64 

55.37 

2.2 

1990 

66.88 

55.82 

6.14 

4.92 

1990 

57.69 

55.82 

3.2 

1991 

67.62 

56.34 

6.19 

5.09 

1991 

58.72 

56.34 

4.0 

1992 

68.49 

59.96 

6.26 

5.28 

1992 

59.80 

56.96 

4.7 

1993 

69.49 

57.68 

6.34 

5.47 

1993 

60.94 

57.68 

5.3 

1994 

70.51 

58.40 

6.43 

5.67 

1994 

62.04 

58.40 

5.9 

1995 

71.67 

59.26 

6.53 

5.88 

1995 

63.24 

59.26 

6.3 

1996 

73.00 

60.26 

6.64 

6.10 

1996 

64.55 

60.26 

6.6 

1997 

74.32 

61.25 

6.76 

6.32 

1997 

65.81 

61.25 

6.9 

Average  Annual 
Growth  Rate 

Average  Annual 
Growth  Rate 

- 

1976-1986 
1986-1997 

4.8% 

5.6% 

0.2% 

5.2% 

1988-1997 

2.3% 

1 .5% 

1 .7% 

1 .4% 

1 .9% 

5.0% 

Source:  SAFER  Model 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards, 

and  new  MA  building  code  (Proposal  I). 
Source:  SAFER  Model 
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Figure  32 

Residential  Water  Heating 

Energy  Consumption  by  Fuel  Type 

1986-1997 


1986   1987   1988   1989   1990   1991 


1992 


1993   1994   1995   1996   1997 


Oil  f§  Gas      | |  Electricity 


National  efficiency  standards  will  go  into  effect  for  gas  ranges 
in  1990.  The  standards  will  ban  pilot  lights  in  95  percent  of 
ranges,  which  will  result  in  an  improvement  in  the  average  effi- 
ciency of  new  ranges  by  18  percent.  This  will  result  in  energy  sav- 
ings of  less  than  one  TBTU  annually  in  Massachusetts  through 
1997. 


Electricity  Use 

Consumption:  Electricity  consumption  for  refrigeration,  light- 
ing, air  conditioning,  and  miscellaneous  appliances  makes  up  the 
third  major  category  of  energy  consumption  in  the  residential  sec- 
tor. It  accounts  for  nine  percent  of  all  residential  energy  consump- 
tion in  1987,  up  from  6.2  percent  in  1976,  and  is  projected  to  grow 
to  9.9  percent  of  total  energy  consumption  by  1997.  Electricity 
consumption  for  these  end-uses  is  summarized  in  Table  66  and 
Figure  33:  Residential  Electricity  Consumption  by  End-Use, 
1986-1997. 

Electricity  use  for  refrigeration  is  by  far  the  largest  single  com- 
ponent of  annual  residential  electricity  consumption,  accounting 
for  25  percent  of  electricity  sales  in  1976,  24  percent  in  1986,  and 
23  percent  in  1997.  The  amount  of  electricity  consumed  by 
refrigerators  and  freezers  is  projected  to  grow  at  an  average  an- 
nual rate  of  1.5  percent  per  year  between  1986  and  1997,  which 
is  slightly  higher  than  the  average  annual  growth  rate  ex- 


Table  65 

Residential  Water  Heating 

Energy  Consumption  by  Fuel  Type 

1986-1997' 

(TBTUs) 


Total 


Oil 


Gas 


1986 

53.06 

20.50 

25.24 

1987 

54.11 

21.16 

25.70 

1988 

54.04 

20.80 

25.96 

1989 

55.37 

21.61 

26.37 

1990 

55.82 

22.00 

26.58 

1991 

56.34 

22.51 

26.73 

1992 

56.96 

23.07 

26.88 

1993 

57.68 

23.61 

27.12 

1994 

58.40 

24.09 

27.40 

1995 

59.26 

24.68 

27.70 

1996 

60.26 

25.29 

28.08 

1997 
Averag 

b  Annual 

61.25 

25.89 

28.46 

Growth  Rate 

1976-1986 

5.6% 

5.4% 

7.0% 

1986-1997 

1 .4% 

2.4% 

1 .2% 

Electricity 


7.32 
7.25 
7.28 
7.40 
7.24 
7.10 
7.00 
6.95 
6.91 
6.88 
6.88 
6.90 


2.3% 
0.5% 


1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards, 

and  new  MA  building  code  (Proposal  I). 
Source:  SAFER  Model 
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Table  66 

Residential 

Electricity  Consumption  by  End- Use 

1986-1997' 

(GWH) 

Space 

Substitutable  End-Uses 

Electricity 

End-Uses 

Water 

Total 

Heating 

Heating 

Cooking 

Drying 

Refrig. 

Lighting 

AC 

Misc. 

1986 

13,733 

1,457 

2,146 

839 

505 

3,239 

1,005 

648 

3,893 

1987 

13,915 

1,489 

2,124 

847 

506 

3,301 

1,019 

683 

3,945 

1988 

14,344 

1,575 

2,133 

874 

522 

3,396 

1,049 

726 

4,068 

1989 

14,910 

1,685 

2,168 

911 

549 

3,513 

1,088 

775 

4,222 

1990 

15,007 

1,741 

2,121 

924 

560 

3,507 

1,096 

799 

4,258 

1991 

15,116 

1,795 

2,082 

937 

572 

3,503 

1,107 

821 

4,298 

1992 

15,263 

1,825 

2,053 

953 

585 

3,521 

1,122 

847 

4,356 

1993 

15,472 

1,856 

2,036 

971 

601 

3,559 

1,142 

877 

4,430 

1994 

15,696 

1,880 

2,024 

990 

617 

3,606 

1,163 

908 

4,507 

1995 

15,922 

1,898 

2,016 

1,008 

635 

3,657 

1,184 

940 

4,584 

1996 

16,188 

1,914 

2,017 

1,030 

655 

3,721 

1,208 

974 

4,670 

1997 

16,452 

1,932 

2,021 

1,050 

677 

3,786 

1,229 

1,007 

4,750 

Average  Annua 

I 

Growth  Rate 

1976-86 

1 .7% 

0.3% 

2.4% 

0.5% 

0.5% 

1 .0% 

-0.8% 

10.6% 

3.5% 

1986-97 

1 .8% 

3.0% 

-0.5% 

2.3% 

3.1% 

1 .5% 

2.0% 

5.0% 

2.0% 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  and  new  MA  building  code  (Proposal  I). 
Source:  SAFER  Model 

Figure  33 

Residential  Electricity  Consumption  by  End-Use 
1986-1997 


J  Space  Heating      |  |   Water  Heating     [ 

i  Refrigeration      I  I  Lighting 


Air  Conditioning     I         I  Miscellaneous 
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BTU/BTU 


Figure  34 

Residential 

New  Electric  Appliance  Efficiencies 

1976-1997 


Refrigeration 


BTU/BTU 


Air  Conditioning 


BTU/BTU 


Lighting 
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Table  67 

Residential 

New  Electric  Appliance  Efficiencies 

1976-1 997 


Refrigeration 

Lighting 

Air  Conditioning 

1976 

0.31 

0.47 

2.27 

1977 

0.31 

0.47 

2.28 

1978 

0.31 

0.47 

2.24 

1981 

0.32 

0.47 

2.32 

1982 

0.31 

0.47 

2.27 

1983 

0.32 

0.48 

2.32 

1984 

0.33 

0.49 

2.37 

1985 

0.33 

0.49 

2.40 

1986 

0.33 

0.49 

2.38 

1987 

0.34 

0.50 

2.43 

1988 

0.37 

0.51 

2.40 

1989 

0.37 

0.51 

2.39 

1990 

0.43 

0.51 

2.60 

1991 

0.43 

0.51 

2.61 

1992 

0.43 

0.52 

2.65 

1993 

0.43 

0.52 

2.65 

1994 

0.43 

0.53 

2.65 

1995 

0.43 

0.53 

2.65 

1996 

0.43 

0.54 

2.66 

1997 

0.43 

0.54 

2.68 

Chapter  3 

perienced  between  1976  and  1986.  This  growth  occurs  despite 
the  fact  that  refrigerator  and  freezer  efficiencies  are  expected  to 
continue  to  improve,  spurred  by  state  and  national  appliance  ef- 
ficiency standards.  (See  Table  67  and  Figure  34:  Residential  New 
Electric  Appliance  Efficiencies,  1976-1997.)  However,  these  ex- 
pected improvements  in  appliance  efficiency  will  not  offset  the 
growth  in  electricity  demand  due  to  an  increasing  number  of 
households  and  higher  incomes. 

Efficiency  improvements  do  hold  the  growth  of  electricity  con- 
sumption for  air  conditioning  to  the  level  experienced  between 
1976  and  1986.  In  that  time  period,  electricity  consumption  for  air 
conditioning  grew  333  GWH  from  315  to  648  GWH  annually.  Be- 
tween 1986  and  1997,  consumption  is  projected  to  grow  359  GWH 
to  1007  GWH  annually.  The  average  annual  rate  of  growth  is  ex- 
pected to  be  halved,  however,  from  10.6  percent  per  year  from 
1976  to  1986  to  five  percent  per  year  from  1986  to  1997 

Peak  Demand:  Residential  electricity  demand  accounted  for 
2338  MW,  or  27  percent,  of  the  system  peak  load  in  1986.  The 
residential  sector's  contribution  to  peak  demand  is  expected  to 
grow  over  the  forecast  period,  accounting  for  3,156  MW,  or  32 
percent  of  peak  by  1997.  (See  Table  68:  Massachusetts  Peak 
Electricity  Demand  by  Sector,  1986-1997.) 


1.  Includes  impacts  of  MA  (effective  1988)  and  national  (effective  1990 

and  1992)  appliance  efficiency  standards. 
Source:  SAFER  Model 


Table  68 

Massachusetts  Peak  Electricity  Demand  by  Sector 

1986-1997' 

(MW) 

Total 

Residential 

Commercial 

Industrial 

Other2 

1986 

8,582 

2,338 

3,769 

1,406 

1,068 

1987 

8,776 

2,410 

3,840 

1,442 

1,084 

1988 

8,864 

2,516 

3,805 

1,453 

1,090 

1989 

9,108 

2,643 

3,858 

1,496 

1,111 

1990 

9,093 

2,686 

3,795 

1,504 

1,108 

1991 

9,087 

2,728 

3,738 

1,512 

1,109 

1992 

9,075 

2,782 

3,672 

1,513 

1,108 

1993 

9,187 

2,849 

3,671 

1,550 

1,117 

1994 

9,314 

2,921 

3,672 

1,594 

1,127 

1995 

9,439 

2,994 

3,672 

1,638 

1,135 

1996 

9,578 

3,076 

3,674 

1,678 

1,150 

1997 

9,729 

3,156 

3,683 

1,728 

1,162 

Average  Annual 

Growth  Rate 

N 

1986-1997 

1 .2% 

3.2% 

-0.2% 

2.1% 

0.8% 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  new  MA  building  code,  proposed  1992  national  lighting  standards 
mandatory  TOU  rates  for  large  commercial/industrial  customers. 

2.  Includes  streetlighting  and  miscellaneous  loads,  sales  to  customers  outside  Massachusetts,  and  transmission  and  distribution  losses. 
Source:  SAFER  Model 
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Peak  electricity  demand  for  air  conditioning  is  the  largest  sin- 
gle component  of  residential  summer  peak  demand.  Peak  de- 
mand for  air  conditioning  grew  at  an  average  annual  rate  of  16 
percent  between  1976  and  1986,  and  this  demand  is  expected  to 
grow  at  an  average  rate  of  five  percent  per  year  for  the  next  10 
years.  Residential  air  conditioning  load  is  projected  to  account  for 
17  percent  of  system  peak  by  1997  (See  Table  69:  Residential 
Electricity  Peak  Demand  by  End-Use,  1986-1997) 


Residential  refrigeration  and  miscellaneous  end-uses  also  con- 
tribute substantially  to  the  system  peak  load.  Although  the  in- 
creasing number  of  residential  dwellings  will  increase  the  elec- 
tricity demanded  for  these  end-uses,  such  growth  will  be 
attenuated  by  the  Massachusetts  and  national  appliance  effi- 
ciency standards.  In  1986,  before  appliance  standards,  the; 
refrigeration  and  miscellaneous  loads  accounted  for  11  percent 
of  peak  demand.  The  implementation  of  appliance  efficiency 
standards  is  expected  to  hold  the  contribution  to  peak  at  this  level  j 
through  1997. 


Table  6S 

> 

Residential 

Peak  Electricity  Demand*  by  End-Use 

1986-1997 

(MW) 

Total 

Space  Heating2 
W/o        With 

Water  Heating 
W/o        With 

Cooking 

Drying 
W/o       With 

Refrigeration 

W/o       With 

Lighting 

AC 

Misc. 

W/o 

With 

W/o 

With 

W/o 

With 

W/o 

With 

W/o 

With 

Stds. 

Stds.3 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

Stds. 

1986 

2,338 

2,338 

884 

884 

131 

131 

95 

95 

79 

79 

478 

478 

52 

52 

1,056 

1,056 

446 

446 

1987 

2,410 

2,410 

903 

903 

130 

130 

96 

96 

80 

80 

487 

487 

53 

53 

1,113 

1,113 

452 

452 

1988 

2.522 

2,516 

955 

955 

132 

130 

99 

99 

82 

82 

506 

501 

55 

54 

1,183 

1,183 

466 

466 

1989 

2,651 

2,643 

1,015 

1,021 

136 

133 

102 

103 

86 

86 

527 

519 

56 

56 

1,260 

1,263 

483 

483 

1990 

2,722 

2,686 

1,053 

1,056 

137 

130 

104 

104 

88 

88 

537 

518 

57 

57 

1,310 

1,301 

489 

489 

1991 

2,788 

2,728 

1,087 

1,088 

139 

127 

106 

106 

90 

90 

546 

517 

58 

57 

1,356 

1,338 

493 

493 

1992 

2,855 

2,782 

1,116 

1,106 

140 

126 

107 

108 

92 

92 

556 

520 

58 

58 

1,403 

1,380 

499 

499 

1993 

2,936 

2,849 

1,150 

1,124 

142 

125 

109 

110 

95 

95 

568 

526 

59 

59 

1,456 

1,428 

508 

508 

1994 

3,020 

2,921 

1,181 

1,139 

144 

124 

111 

112 

97 

97 

581 

532 

61 

60 

1,510 

1,479 

517 

517 

1995 

3,101 

2,994 

1,211 

1,149 

146 

123 

113 

114 

100 

100 

594 

540 

62 

61 

1,561 

1,530 

525 

525 

1996 

3,187 

3,076 

1,243 

1,158 

148 

123 

115 

116 

103 

103 

608 

550 

63 

63 

1,615 

1,586 

535 

535 

1997 

3,272 

3,156 

1,276 

1,168 

151 

124 

118 

119 

106 

106 

621 

559 

64 

64 

1,668 

1,640 

544 

544 

1.  Refers  to  summer  peak  demand. 

2.  Demand  coincident  with  system  winter  peak. 

3.  Includes  impacts  of  MA  (effective  1988)  and  national  (effective  1990  and  1992)  appliance  efficiency  standards. 
Source:  SAFER  Model 
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The  Commercial  Sector 

Overall  Picture 

Energy  consumption  in  the  commercial  sector  is  expected  to 
increase  at  an  average  annual  rate  of  0.6  percent  for  the  next  10 
years,  in  contrast  with  the  previous  decade  when  the  commer- 
cial sector's  total  energy  consumption  decreased  at  an  average 
rate  of  2.1  percent  annually.  While  commercial  building  standards, 
which  take  effect  in  1988  and  1992  and  affect  lighting,  heating 
and  cooling  end-uses,  will  contribute  to  reducing  energy  demand 
in  this  sector  over  the  next  10  years,  overall  energy  consumption 
will  increase.  Total  energy  demand  in  the  commercial  sector  is 
projected  to  be  11.4  TBTUs,  or  6.1  percent,  higher  in  1997  than  it 
was  in  1986.  (See  Table  70  and  Figure  35:  Commercial  Energy 
Consumption  by  Fuel  Type,  1986-1997.) 

In  the  last  decade  the  overall  decrease  in  the  commercial  sec- 
tor's energy  demand  was  due  mainly  to  a  reduction  in  the  amount 
Df  energy  required  for  space  heating.  This  occurred  while  the 
snergy  demanded  for  all  other  end-uses  was  increasing.  EOER's 
projections  indicate  that  space  heating  demand  in  the  commer- 
:ial  sector  will  follow  an  upward  trend  in  the  next  10  years,  but 
growth  will  occur  at  a  slow  0.2  percent  average  annual  rate. 


Growth  in  energy  demanded  for  other  end-uses  will  be  slowed 
significantly.  These  end-use  demands,  which  grew  at  roughly 
three  percent  annually  between  1976  and  1986,  are  expected  to 
increase  at  roughly  half  that  rate  over  the  next  decade. 

Continuing  the  trends  of  the  past  10  years,  demand  for  oil  will 
decline,  albeit  at  a  reduced  rate,  while  demand  for  gas  and  elec- 
tricity are  expected  to  rise.  Oil  is  consequently  expected  to  con- 
tinue to  lose  market  share  to  gas  and  electricity  in  the  commer- 
cial sector.  Only  37  percent  of  the  commercial  sector's  energy 
demands  will  be  met  by  oil  by  1997;  in  1986,  oil's  share  was  44 
percent. 

Demand  for  natural  gas  is  projected  to  increase  at  a  2.6  per- 
cent average  annual  rate  for  the  next  10  years.  Estimates  indicate 
that  gas  will  expand  its  market  share  by  six  percentage  points  be- 
tween 1986  and  1997  so  that  gas  will  supply  nearly  one-third  of 
the  commercial  sector's  energy  by  the  end  of  the  forecast  period. 

Projected  electricity  consumption  shows  an  upward  trend,  with 
growth  occurring  at  a  modest  0.9  percent  rate  for  the  next  de- 
cade. Electricity  use  grew  more  rapidly  in  the  last  decade  when 
annual  growth  averaged  3.9  percent.  The  recent  Massachusetts 
building  code  revisions  are  partially  responsible  for  the  slower 
growth  in  electricity  use.  Electricity  use  could  be  further  reduced 


Table  70 

Commercial 

Energy  Consumption  by  Fuel  Type 

1986-1997' 

(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 


1 986 

1 987 

1 988 

1 989 

1 990 

1991 

1 992 

1993 

1994 

1995 

1996 

1997 

Average  Annual 
3rowth  Rate 
1976-1986 
1986-1997 


186.1 

187.8 

185.9 

190.7 

191.0 

191.6 

192.6 

193.5 

194.2 

195.1 

196.4 

197.5 

-2.1% 

0.6% 

81.5 
80.3 
75.4 
76.2 
75.1 
74.6 
74.3 
74.0 
73.5 
73.4 
73.3 
73.3 


4.9% 
0.9% 


49.9 
52.0 
53.6 
56.1 
57.5 
58.7 
59.7 
60.7 
61.7 
62.6 
63.5 
64.4 


2.4% 
2.6% 


3.2 
3.2 
3.3 
3.3 
3.3 
3.2 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 


22.0% 
0.3% 


51.4 
52.4 
53.6 
55.1 
55.1 
55.1 
55.4 
55.5 
55.7 
55.9 
56.2 
56.5 


3.9% 
0\9% 


I.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  new  MA  building  code,  proposed  1992  national  lighting  standards  and 

mandatory  TOU  rates  for  large  commercial/industrial  customers. 
I.  Utility  sales  only. 
Source:  SAFER  Model 
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Figure  35 

Commercial  Energy  Consumption  by  Fuel  Type 
1986-1997 
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200 


150 


100 


50 


1986       1987       1988       1989        1990       1991        1992       1993       1994       1995        1996       1997 


Oil 


Gas 


Coal 


Electricity 


by  the  proposed  1992  lighting  code  standards;  projections  show 
these  standards  reducing  commercial  electricity  use  roughly 
three  percent  by  1997.  Slower  economic  growth  in  this  sector  over 
the  next  10  years,  particularly  after  1990,  also  contributes  to  the 
slower  rate  of  growth  in  projected  electricity  consumption. 

Forecasts  show  increasing  delivered  energy  prices  for  the 
commercial  sector  over  the  next  10  years.  Prices  for  oil  and  gas 
are  estimated  to  increase  the  most,  going  up  by  57  and  34  per- 
cent respectively,  in  real  terms.  Prices  for  coal  and  electricity 
show  only  modest  growth.  The  commercial  sector  energy  price 
forecasts  are  summarized  in  Table  71  and  Figure  36:  Commer- 
cial Delivered  Fuel  Prices,  1986-1997. 

Space  Heating 

Currently,  space  heating  accounts  for  57  percent  of  commer- 
cial energy  consumption.  Space  heating  energy  use  is  expected 
to  grow  at  approximately  0.2  percent  annually  for  the  next  10 
years.  This  reverses  the  downward  trend  of  the  last  decade  when 
consumption  was  falling  by  3.7  percent  each  year.  Oil  is  expected 
to  remain  the  dominant  fuel  for  commercial  space  heating,  sup- 
plying 50  percent  of  the  BTUs  demanded  at  the  end  of  the  fore- 
cast period.  However,  this  figure  would  represent  a  significant 
loss  of  market  share,  dropping  to  50  percent  from  the  61  percent 
share  it  held  in  1986. 

Gas  demand  for  space  heating  is  expected  to  grow  at  average 
annual  rate  of  3.2  percent  for  the  next  10  years,  obtaining  a  43 
percent  space  heating  market  share  by  1997,  up  from  32  percent 
in  1986. 


Growth  is  also  predicted  for  electric  commercial  space  heating, 
although  at  a  much  slower  rate  than  during  the  last  decade  —  2.5 
percent  average  annual  growth  from  1986  to  1997  as  compared 
to  almost  12  percent  average  annual  growth  between  1976  and 
1986.  (See  Table  72  and  Figure  37:  Commercial  Space  Heating 
Energy  Consumption  by  Fuel  Type,  1986-1997.) 

Water  Heating  and  Cooking  —  Substitutable 
End-Uses 

Commercial  sector  water  heating  energy  demand  is  expected  L 
to  grow  at  a  1.3  percent  average  annual  rate  for  the  next  10  years,  l! 
which  is  significantly  slower  than  during  the  last  decade  when  J 
this  end-use  demand  grew  at  a  3.4  percent  average  annual  rate,  j 
(See  Table  73:  Commercial  Water  Heating  and  Cooking  Energy 
Consumption,  1986-1997.) 

Gas  has  been  and  will  continue  to  be  the  most  popular  fuel  for 
commercial  water  heating.  In  1986,  gas  held  a  55  percent  mar- 
ket share,  and  this  share  is  estimated  to  remain  constant  for  the 
next  10  years.  Oil  supplies  the  remaining  45  percent  of  the 
energy  required  by  this  end-use.  (As  a  complete  set  of  data  were 
not  available  to  EOER  for  commercial  water  heating  electricity 
demand,  this  consumption  was  captured  in  the  commercial  sec- 
tor's miscellaneous  electricity  use  category.) 

• 

The  amount  of  energy  used  for  commercial  cooking  is 
predicted  to  increase  at  a  1.6  percent  average  annual  rate  for  the 
duration  of  the  forecast  period.  Natural  gas  and  electricity  sup-' 
ply  80  and  20  percent,  respectively,  of  the  energy  used  for  com- 
mercial cooking.  These  market  shares  are  expected  to  remain 
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Table  71 

Commercial  Delivered  Fuel  Prices 
1986-1997 


Current  Dollars 


Constant  Dollars  (1975S) 


Oil 

(Gallon) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Electricity 

(KWH) 


Oil 

(Gallon) 


Gas 

(MCF) 


Coal 

(S.Ton) 


Electricity 

(KWH) 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 


0.56 
0.68 
0.71 
0.78 
0.86 
0.95 
1.04 
1.15 
1.28 
1.41 
1.55 
1.68 


6.62 

65.83 

7.21 

69.77 

7.86 

73.95 

8.41 

78.38 

8.94 

83.07 

9.74 

88.79 

10.64 

95.23 

11.64 

102.13 

12.78 

110.28 

14.05 

117.83 

15.22 

126.63 

16.61 

136.07 

0.09 
0.10 
0.10 
0.10 
0.10 
0.11 
0.12 
0.13 
0.15 
0.16 
0.17 
0.18 


0.28 
0.32 
0.32 
0.33 
0.34 
0.36 
0.37 
0.38 
0.40 
0.42 
0.43 
0.44 


Source:  SAFER  Model 


Table  72 

Commercial 

Space  Heating  Energy  Consumption  by  Fuel  Type 

1986-1997" 

(TBTUs) 


Total 


Gas 


SI986 

987 

JI988 

1 989 

1 990 
1991 
il992 

993 

994 

1995 

1996 

1997 

Werage  Annual 
3rowth  Rate 
1976-1986 
1986-1997 


106.76 
107.16 
104.06 
106.50 
106.54 
106.84 
107.26 
107.67 
107.87 
108.31 
108.88 
109.35 


-3.7% 
0.22% 


65.42 
63.93 
59.11 
59.34 
58.08 
57.32 
56.82 
56.24 
55.54 
55.17 
54.88 
54.59 


-  5.3% 
- 1 .5% 


34.35 
36.17 
37.66 
39.67 
40.92 
41.91 
42.76 
43.65 
44.45 
45.17 
45.92 
46.58 


2.4% 
3.2% 


3.27 
3.38 
3.48 
3.53 
3.56 
3.65 
3.76 
3.88 
4.01 
4.15 
4.25 
4.37 


3.17 
3.15 
3.23 
3.23 
3.22 
3.22 
3.23 
3.24 
3.25 
3.27 
3.29 
3.31 


21.1% 
0.4% 


32.54 
32.66 
32.79 
32.91 
33.03 
33.27 
33.63 
33.99 
34.60 
34.84 
35.32 
35.81 


0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 


Electricity2 


3.82 
3.91 
4.06 
4.26 
4.32 
4.38 
4.45 
4.54 
4.62 
4.70 
4.79 
4.88 


12.0% 
2.5% 


I.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  new  MA  building  code,  proposed 

mandatory  TOU  rates  for  large  commercial/industrial  customers. 
1.  Utility  sales  only. 
Source:  SAFER  Model 


1992  national  lighting  standards  and 
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S/Gallon 


Figure  36 

Commercial 

Delivered  Fuel  Prices 

1976-1997 


$/KWH                         Electricity 

0.20 

0.18 

0.16 

0.14 

0.12 

0.10 

0.08 

/ 

0.06 

„, /                                                                                                                            mratjmwjjjm. 

0.04 

0.02 

°1976    1979    1982    1985    1988    1991    1994    1997 

$/Short  ton                      Coal 

■ 

200 

1 

i 

180 

160 

140 

120 

100 

80 

60 

40^ 

20 

°19 

76    1979    1982    1985    1988    1991    1994    19 

97 

Current  $ 


Constant  1975$ 


80 


Chapter  3 


Figure  37 

Commercial  Space  Heating 

Energy  Consumption  by  Fuel  Type 

1986-1997 
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Table  73 

Commercial 

Water  Heating  and  Cooking  Energy  Consumption 

1986-1997 

(TBTUs) 


Water 

Total 

Heating 

Cooking 

1986 

24.16 

16.00 

8.16 

1987 

24.53 

16.24 

8.29 

1988 

24.49 

16.05 

8.44 

1989 

25.32 

16.60 

8.72 

1990 

25.63 

16.79 

8.84 

1991 

25.92 

16.99 

8.93 

1992 

26.20 

17.19 

9.02 

1993 

26.51 

17.38 

9.13 

1994 

26.80 

17.56 

9.25 

1995 

27.13 

17.76 

9.37 

1996 

27.51 

18.00 

9.51 

1997 

27.86 

18.22 

9.64 

Average  Annual 

Growth  Rate 

1976-1986 

3.3% 

3.4% 

3.1% 

1986-1997 

1 .4% 

1 .3% 

1 .6% 

Source:  SAFER  Model 


constant  over  the  forecast  period.  The  efficiency  of  new  gas  cook- 
ing units  is  forecasted  to  improve  by  four  percent  by  1997,  while 
the  efficiency  of  electric  units  is  expected  to  remain  unchanged. 

Electricity  Use 

Consumption:  Refrigeration,  lighting,  air  conditioning,  and 
miscellaneous  are  the  commercial  end-uses  for  which  electricity 
demand  is  forecasted  by  EOER.  All  four  of  these  end-uses  show 
slowed,  yet  steady  growth  in  electricity  demand  for  the  next  10 
years.  Forecasted  commercial  electricity  consumption  by  end- 
use  is  shown  in  Table  74  and  Figure  38.  Electricity  consumed  for 
these  end-uses  grew  between  two  and  four  percent  annually  in 
the  last  decade.  These  growth  rates  are  expected  to  be  between 
0.4  and  1.5  percent  for  the  next  10  years.  Significant  efficiency 
gains  are  responsible  for  a  substantial  portion  of  the  decline  in 
growth  rates. 

Lighting  is  by  far  the  most  significant  electric  end-use  in  the 
commercial  sector,  accounting  for  63  percent  of  commercial  elec- 
tricity consumption  and  18  percent  of  total  commercial  energy 
consumption.  It  is  also  in  this  end-use  that  the  greatest  room  for 
efficiency  improvement  lies.  Both  the  Massachusetts  building 
code  and  proposed  national  commercial  lighting  standards  will 
reduce  lighting  electricity  consumption.  The  new  Massachusetts 
code  will  reduce  lighting  energy  use  by  20  percent  in  new  build- 
ings. The  cumulative  benefits  of  this  policy  will  expand  over  time, 
because  each  new  building  will  use  less  energy,  producing  more 
savings  for  the  Commonwealth.  An  additional  20  percent  energy 
savings  in  new  buildings  would  result  from  the  implementation  of 
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Table  74 

Commercial  Electricity  Consumption  by  End-Use 

1986-199T2 

(GWH) 


Electricity  End-Uses 


Space 

Total 

Heating 

1986 

15,201 

1,119 

1987 

15,468 

1,146 

1988 

15,813 

1,189 

1989 

16,280 

1,248 

1990 

16,253 

1,266 

1991 

16,258 

1,285 

1992 

16,325 

1,306 

1993 

16,373 

1,331 

1994 

16,426 

1,357 

1995 

16,477 

1,380 

1996 

16,565 

1,405 

1997 

16,653 

1,429 

Average  Annual 

Growth  Rate 

1976-1986 

3.8% 

12.0% 

1986-1997 

0.9% 

2.5% 

Cooking 


Refrig. 


Lighting 


AC 


Misc. 


490 
492 
506 
529 
534 
540 
547 
556 
567 
577 
590 
603 


2.2% 
2.1% 


1,414 

9,574 

892 

1,713 

1,433 

9,745 

913 

1,739 

1,473 

9,926 

930 

1,789 

1,528 

10,167 

952 

1,856 

1,535 

10,110 

944 

1,864 

1,542 

10,080 

938 

1,874 

1,554 

10,096 

934 

1,889 

1,570 

10,072 

933 

1,910 

1,588 

10,047 

934 

1,934 

1,604 

10,027 

933 

1,956 

1,622 

10,035 

933 

1,980 

1,639 

10,047 

932 

2,003 

3.0% 

3.8% 

2.2% 

3.1% 

1 .4% 

0.4% 

0.4% 

1 .5% 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  new  MA  building  code,  proposed  1992  national  lighting  standards  and 
mandatory  TOU  rates  for  large  commercial/industrial  customers. 

2.  Includes  both  utility  sales  and  self-generated  electricity. 

Source:  SAFER  Model 

Figure  38 

Commercial  Electricity  Consumption  by  End-Use 
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the  national  standards  in  1992.  Combined,  these  standards  are 
expected  to  decrease  commercial  lighting  consumption  by  737 
GWH  by  1997  (See  Table  75  and  Figure  39:  Commercial  Electric- 
ity Consumption  with  Alternative  Policies,  1987-1997) 

More  efficient  use  of  electricity  for  lighting  is  expected  to  be 
achieved  through  a  combination  of  more  energy-efficient  lighting 
technologies  and  building  design  changes  as  recommended  by 
the  new  building  codes.  Electronic  ballasts,  occupancy  sensors, 
and  building  design  practices  which  better  match  lighting  levels 
with  building  function  are  expected  to  reduce  electricity  consump- 
tion. Lighting  demand  is  forecasted  to  grow  at  only  0.4  percent 
per  year  because  of  the  influence  of  building  standards  and  TOU 
rates.  This  growth  rate  contrasts  sharply  with  that  of  the  last  10 
years  when  demand  grew  at  a  rate  of  3.8  percent  per  year. 

Increased  lighting  efficiency  will  also  reduce  electricity  con- 
sumption for  commercial  air  conditioning  as  the  more  efficient 
lights  will  emit  less  heat.  Nevertheless,  electricity  consumed  for 
air  conditioning  will  grow  over  the  forecast  period,  increasing  4.5 
percent  between  1986  and  1997  Massachusetts  building  code 
improvements  will  play  an  important  role  in  keeping  load  growth 
at  this  level.  In  new  buildings,  the  code  will  result  in  a  24  percent 
reduction  in  cooling  energy  use.  Without  the  implementation  of 
national  building  standards  in  1992,  air  conditioning  consumption 
would  increase  16  percent  over  the  forecast  period. 

Peak  Demand:  Of  the  major  economic  sectors,  the  commer- 
cial sector  contributes  the  most  to  system  peak  demand.  Com- 
mercial electricity  demand  coincident  with  the  system  peak  was 
3769  MW  in  1986,  constituting  44  percent  of  the  peak  load.  The 
commercial  sector's  peak  demand  is  projected  to  grow  at  an 
average  rate  of  1.2  percent  for  the  next  10  years  absent  the  im- 
pacts of  building  standards  changes  and  TOU  rates.  Despite  this 
growth,  commercial  loads  are  expected  to  account  for  only  40 
percent  of  system  peak  demand  by  1997,  as  demand  from  other 
sectors  increases  at  a  more  rapid  rate.  (See  Table  68  and  Table 
76  and  Figure  40:  Commercial  Peak  Electricity  Demand  with  Al- 
ternative Policies,  1986-1997) 

The  electricity  demanded  for  lighting  and  air  conditioning  in 
commercial  buildings  represents  the  major  portion  of  system 
peak  load;  their  peak  demand  was  3088  MW  in  1986.  These  two 
end-uses  could  account  for  3482  MW  of  peak  load  by  1997; 
however,  this  load  will  be  reduced  by  the  building  standards  and 
TOU  rates.  (See  Table  77:  Commercial  Peak  Electricity  Demand 
by  End-Use  with  Alternative  Policies,  1986-1997.) 

The  proposed  1992  national  lighting  standards  would  affect 
both  commercial  lighting  and  air  conditioning  loads.  EOER  has 
estimated  that  the  standards  could  reduce  peak  commercial  load 
by  252  MW  by  1997,  representing  a  2.4  percent  reduction  in  sys- 
tem peak  demand.  In  addition,  the  impacts  of  mandatory  TOU 
rates  for  large  commercial  industrial  customers  have  been  ana- 
lyzed. These  rates  would  reduce  the  1997  commercial  peak  by 
371  MW  or  about  nine  percent;  this  represents  a  3.5  percent 
reduction  in  system  peak.  (See  Table  78:  Commercial  Electricity 
Consumption  and  Peak  Demand:  Impacts  of  Appliance  Efficiency 
Standards,  1992  Lighting  Code  and  TOU  Rates,  1986-1997) 


Table  75 

Commercial  Electricity  Consumption 

with  Alternative  Policies 

1987-1997' 

(GWH) 


Appl.  & 

Appl.  &  Bldg. 

Appl.  &  Bldg. 

All  Codes, 

Bldg.  Code 

Code  and  1992 

Code  and 

Standards, 

Standards2 

Standards3 

TOU  Rates4 

&  Rates 

1987 

15,468 

15,468 

15,468 

15,468 

1988 

15,813 

15,813 

15,813 

15,813 

1989 

16,275 

16,275 

16,280 

16,280 

1990 

16,253 

16,253 

16,253 

16,253 

1991 

16,261 

16,261 

16,258 

16,258 

1992 

16,334 

16,320 

16,339 

16,325 

1993 

16,481 

16,365 

16,491 

16,373 

1994 

16,667 

16,422 

16,675 

16,426 

1995 

16,844 

16,477 

16,853 

16,477 

1996 

17,046 

16,558 

17,065 

16,565 

1997 

17,258 

16,636 

17,270 

16,653 

1.  Includes  both  utility 

sales  and  self-generated  ( 

electricity. 

2.  Includes  MA  appliance  and  building  code  standards  (effective  January 

1988) 

and  national  appliance  efficiency  standards  (effective 

1990  and 

1992) 

3.  Proposed  1992  lighting  code. 

4.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 

Source: 

SAFER  Mode 

Figure  39 

Commercial 

Electricity  Consumption 

With  Alternative  Policies 

1986-1997 

Appliance  and  Building  Code  Standards 


| |  Appliance  and  Building  Code  and  1992  Standards 


I  Appliance  and  Building  Code  and  TOU  Rates 

[         j  All  Codes,  Standards,  and  Rates 
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Table  76 

Commercial 

Peak  Electricity  Demand 

with  Alternative  Policies 

1986-1997 

(MW) 


Appl.  &  Appl.  &  Bldg.  Appl.  &  Bldg.  All  Codes, 
Bldg.  Code  Code  and  1992  Code  and  Standards, 
Standards1        Standards2         TOU  Rates3        &  Rates 


1986 

3,769 

3,769 

3,769 

3,769 

1987 

3,840 

3,840 

3,840 

3,840 

1988 

3,919 

3,919 

3,805 

3,805 

1989 

4,021 

4,021 

3,858 

3,858 

1990 

4,004 

4,004 

3,795 

3,795 

1991 

3,994 

3,994 

3,738 

3,738 

1992 

4,017 

3,996 

3,691 

3,672 

1993 

4,062 

4,002 

3,729 

3,671 

1994 

4,115 

4,008 

3,772 

3,672 

1995 

4,166 

4,016 

3,814 

3,672 

1996 

4,222 

4,024 

3,863 

3,674 

1997 

4,280 

4,028 

3,909 

3,683 

Average  Annual 

Growth  Rate 

1986-1997 

2.1% 

1.8% 

1 .5% 

1 .2% 

1.  Includes  MA  appliance  and  building  code  standards  (effective  January 
1988)  and  national  appliance  efficiency  standards  (effective  1990  and 
1992). 

2.  Proposed  1992  national  lighting  code. 

3.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 
Source:  SAFER  Model 


Figure  40 

Commercial 

Peak  Electricity  Demand 

With  Alternative  Policies 

1986-1997 


Appliance  and  Building  Code  Standards 
Appliance  and  Building  Code  and  1992  Standards 

I  Appliance  and  Building  Code  and  TOU  Rates 
j  All  Codes,  Standards,  and  Rates 


84 


Chapter  3 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 


Table  77 

Commercial 

Peak  Electricity  Demand  by  End-Use 

with  Alternative  Policies 

1986-1997 

(MW) 


Space  Heating 


MA  Bldg. 
Code  Only 


1992  Code 
Only 


TOU  Rate 
Only 


406 
416 
431 
453 
459 
466 
474 
482 
492 
500 
508 
517 


406 
416 
431 
453 
459 
466 
474 
482 
492 
500 
509 
517 


406 
416 
431 
453 
459 
466 
474 
483 
492 
501 
510 
519 


Air  Conditioning 


MA  Bldg. 
Code  Only 


1992  Code 
Only 


TOU  Rate 
Only 


1287 
1317 
1342 
1373 
1362 
1353 
1367 
1392 
1419 
1444 
1470 
1496 


1287 
1317 
1342 
1373 
1362 
1353 
1347 
1350 
1349 
1351 
1349 
1341 


1287 
1317 
1303 
1317 
1291 
1266 
1257 
1278 
1345 
1322 
1345 
1367 


Combined 
Case 


406 
416 
431 
453 
459 
466 
474 
483 
492 
501 
510 
519 


Combined 
Case 


1287 
1317 
1303 
1317 
1291 
1266 
1238 
1236 
1229 
1232 
1229 
1227 


1.  Refers  to  summer  peak  demand. 

2.  Demand  coincident  with  system  winter  peak. 
Source:  SAFER  Model 


Lighting 

MA  Bldg. 

1992  Code 

TOU  Rate 

Combined 

Code  Only 

Only 

Only 

Case 

1986 

1801 

1801 

1801 

1801 

1987 

1834 

1834 

1834 

1834 

1988 

1868 

1868 

1813 

1813 

1989 

1912 

1912 

1835 

1835 

1990 

1902 

1902 

1803 

1803 

1991 

1897 

1897 

1775 

1775 

1992 

1899 

1899 

1745 

1745 

1993 

1910 

1894 

1754 

1739 

1994 

1927 

1890 

1766 

1733 

1995 

1944 

1887 

1779 

1727 

1996 

1964 

1887 

1796 

1724 

1997 

1986 

1889 

1813 

1726 

Miscellaneous 

MA  Bldg. 

1992  Code 

TOU  Rate 

Combined 

Code  Only 

Only 

Only 

Case 

1986 

322 

322 

322 

322 

1987 

327 

327 

327 

327 

1988 

337 

337 

327 

327 

1989 

349 

349 

335 

335 

1990 

351 

351 

332 

332 

1991 

353 

353 

330 

330 

1992 

355 

355 

326 

326 

1993 

359 

359 

330 

330 

1994 

364 

364 

333 

334 

1995 

368 

368 

337 

337 

1996 

372 

372 

341 

340 

1997 

377 

377 

344 

344 
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Table  78 

Commercial 

Electricity  Consumption  and  Peak  Demand: 

Impacts  of  Appliance  Efficiency  Standards, 

1992  Lighting  Code  and  TOU  Rates 

1986-1997' 


Reduction  in 

Electricity  Consumption 

Reduction 

in  Peak  Demand 

(GWH) 

(MW) 

AppI.Eff. 

1992  Code 

TOU  Rate 

Combined 

AppI.Eff. 

1992  Code 

TOU  Rate 

Combined 

Only2 

Only3 

Only4 

Impact5 

Only2 

Only3 

Only4 

Impact5 

1986 

0 

0 

0 

0 

0 

0 

0 

0 

1987 

0 

0 

0 

0 

0 

0 

0 

0 

1988 

28 

0 

0 

28 

9 

0 

114 

123 

1989 

34 

0 

-   56 

29 

15 

0 

163 

178 

1990 

114 

0 

0 

132 

36 

0 

209 

245 

1991 

140 

0 

3 

143 

44 

0 

256 

300 

1992 

136 

14 

-   5 

145 

42 

21 

326 

387 

1993 

157 

116 

-10 

265 

45 

60 

333 

436 

1994 

176 

245 

-    8 

417 

48 

107 

343 

491 

1995 

193 

367 

-   9 

560 

50 

150 

352 

544 

1996 

212 

488 

-19 

693 

53 

198 

359 

601 

1997 

229 

622 

-12 

834 

55 

252 

371 

652 

1.  Effects  of  MA  building  code  standards  not  isolated. 

2.  Includes  MA  appliance  standards  (effective  January  1988)  and  national  appliance  efficiency  standards  (effective  1990  and  1992). 

3.  Proposed  1992  national  lighting  code. 

4.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 

5.  Combined  reduction  less  than  sum  of  individual  impacts  due  to  overlapping  effects. 

6.  A  negative  number  denotes  increase  rather  than  reduction  in  consumption. 
Source:  SAFER  Model 


The  Industrial  Sector 

Overall  Picture 

Industrial  energy  use  in  Massachusetts  is  projected  to  increase 
at  an  average  annual  rate  of  1.1  percent  over  the  1986  to  1997 
period,  as  compared  with  an  average  yearly  decline  of  1.5  per- 
cent over  the  last  decade.  Demand  for  all  four  major  industrial 
fuels  —  oil,  natural  gas,  electricity,  and  coal  —  is  expected  to  rise 
in  the  future  with  electricity,  and  to  a  lesser  extent  coal,  gaining 
market  share.  Oil,  however,  will  continue  in  its  role  as  the  most 
important  industrial  fuel,  maintaining  a  share  of  slightly  more  than 
50  percent  of  the  total  amount  of  energy  consumed  by  the  sec- 
tor through  1997.  (See  Table  79  and  Figure  41:  Industrial  Energy 
Consumption  by  Fuel  Type,  1986-1997.)  Growth  in  energy  con- 
sumption will  occur  in  spite  of  projected  increases  in  delivered 
energy  prices.  (See  Table  80  and  Figure  42:  Industrial  Delivered 
Fuel  Prices,  1986-1997.) 


There  is  a  great  deal  of  variation  in  energy  use  among  the  var- 
ious industries  in  Massachusetts.  In  general,  the  older  heavy  in- 
dustry and  materials  sectors  such  as  chemicals  and  paper  and 
pulp  tend  to  be  more  energy-intensive  and  more  dependent  on 
fossil  fuels  than  high-technology  industries  which  tend  to  rely 
more  on  electricity.  The  higher  relative  economic  growth  rates  of 
the  high-technology  sectors  in  Massachusetts,  together  with  the 
continued  decline  of  many  traditional  industrial  sectors,  are  a 
major  reason  for  the  projected  rise  in  the  market  share  of  elec- 
tricity through  1997.  Projected  levels  of  economic  output  and 
energy  intensities  are  given  for  19  industrial  sectors  in  Tables  45 
and  81. 

With  the  exception  of  TOU  rates,  none  of  the  policies  explicitly 
modeled  for  this  report  were  targeted  at  the  industrial  sector.  TOU 
rates  have  the  effect  of  shifting  some  industrial  electricity  load 
from  peak  to  off-peak  periods,  but  have  a  negligible  impact  on  to- 
tal industrial  energy  consumption. 
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1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Average  Annual 

Growth  Rate 

1976-1986 

1986-1997 


Total 


163.1 

166.9 

165.4 

171.0 

171.5 

172.6 

174.0 

175.4 

176.6 

178.3 

180.3 

182.2 

-1.5% 

1.1% 

Table  79 

Industrial 

Energy  Consumption  by  Fuel  Type 

1986-1997' 

(TBTUs) 


Oil 


Gas 


86.9 
89.2 
85.8 
89.4 
89.2 
89.6 
90.2 
90.5 
90.3 
90.7 
91.1 
91.4 


3.7% 
0.5% 


40.0 
40.4 
40.5 
40.8 
40.9 
40.8 
40.7 
40.8 
40.9 
41.1 
41.4 
41.6 


5.4% 
0.4% 


1.  Includes  impacts  of  TOU  rates  for  large  commercial/industrial  customers. 

2.  Utility  sales  only. 
Source:  SAFER  Model 


Coal 


2.8 
3.0 
3.2 
3.4 
3.4 
3.5 
3.5 
3.6 
3.6 
3.7 
3.8 
3.8 


5.6% 
3.2% 


Electricity 


33.4 
34.3 
35.8 
37.4 
38.1 
38.8 
39.6 
40.6 
41.7 
42.8 
44.1 
45.3 


2.5% 
3.2% 


Figure  41 
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by  Fuel  Type 
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Table  80 

Industrial 

Delivered  Fuel  Prices 

1986-1997 

Current  Dollars 

Constant  Dollars  (1975$) 

Oil 

Gas 

Coal 

Electricity 

Oil 

Gas 

Coal 

Electricity 

(Gallon) 

(MCF) 

(S.Ton) 

(KWH) 

(Gallon) 

(MCF) 

(S.Ton) 

(KWH) 

1986 

0.39 

5.51 

66.65 

0.08 

0.19 

2.72 

32.95 

0.04 

1987 

0.50 

6.04 

70.64 

0.08 

0.23 

2.83 

33.07 

0.04 

1988 

0.52 

6.62 

74.87 

0.08 

0.23 

2.94 

33.20 

0.04 

1989 

0.58 

7.10 

79.36 

0.08 

0.24 

2.98 

33.32 

0.03 

1990 

0.65 

7.57 

84.11 

0.09 

0.26 

3.01 

33.44 

0.03 

1991 

0.73 

8.27 

89.90 

0.09 

0.27 

3.10 

33.69 

0.04 

1992 

0.80 

9.09 

96.42 

0.10 

0.28 

3.21 

34.05 

0.04 

1993 

0.89 

10.00 

103.40 

0.11 

0.30 

3.33 

34.42 

0.04 

1994 

1.02 

11.03 

111.66 

0.12 

0.32 

3.46 

35.03 

0.04 

1995 

1.12 

12.20 

119.30 

0.13 

0.33 

3.61 

35.28 

0.04 

1996 

1.25 

13.26 

128.22 

0.14 

0.35 

3.70 

35.77 

0.04 

1997 

1.37 

14.53 

137.77 

0.15 

0.36 

3.82 

36.26 

0.04 

Source:  SAFER  Model 


Process  Heating 

Process  heating  is  by  far  the  most  important  end-use  in  the  in- 
dustrial sector,  currently  accounting  for  71  percent  of  total  energy 
demanded  by  the  sector,  and  93  percent  and  83  percent  respec- 
tively of  its  oil  and  gas  use,  as  shown  in  Table  82  and  Figure  43: 
Industrial  Process  Heat  Energy  Consumption  by  Fuel  Type, 
1986-1997.  Relatively  little  electricity  or  coal  is  used  for  process 
heating  in  Massachusetts. 

Total  energy  demand  for  process  heating  is  expected  to  remain 
fairly  flat  over  the  next  decade,  and  will  remain  well  below  the 
demand  levels  seen  in  the  mid-1970s.  The  manufacturing  sectors 
can  be  divided  into  two  groups  according  to  their  use  of  process 
heat.  Energy  use  by  the  "boiler"  industries,  industries  such  as 
food  and  kindred  products,  paper  and  pulp,  and  leather  goods 
(SIC  codes  20-31)  which  use  heat  to  generate  steam  in  their 
production  processes  (boiler  heat),  is  expected  to  grow  at  a 
slower  rate  than  use  by  the  "direct  heat"  industries.  These  indus- 
tries, which  include  electric  machinery,  fabricated  metals,  and 
transportation  equipment  (SIC  codes  32-39)  and  use  heat  directly 
in  their  production  process,  will  account  for  a  greater  share  of  the 
demand  for  process  energy  in  the  future.  Also,  the  efficiency  of 
industrial  boilers  is  expected  to  improve  more  than  direct  heat  ef- 
ficiency. 


Recent  years  have  seen  a  significant  increase  in  the  dual  fuel 
capability  of  industrial  energy-users,  which  should  reduce  the  im- 
pact of  energy  price  fluctuations  on  them.  Firms  with  such  a 
capability  can  switch  fuels  (generally  between  oil  and  natural  gas) 
on  short  notice  in  order  to  select  the  lowest  price  fuel,  or  to  switch 
to  oil  when  gas  pipelines  are  being  fully  utilized  by  "firm"  gas  cus- 
tomers. Although  the  projected  industrial  process  heating  figures 
by  fuel  do  not  vary  substantially  from  year  to  year,  there  are 
generally  large  seasonal  variations  in  such  fuel  use.  Moreover,  in- 
dustrial demand  for  oil  or  gas  is  quite  price-sensitive  and  substan- 
tial variations  are  possible,  as  occurred  in  1986  when  many  in- 
dustrial users  temporarily  switched  from  gas  to  oil  to  take 
advantage  of  low  oil  prices.  This  flexibility  works  to  the  benefit  of 
industrial  energy  users  and  the  Massachusetts  economy  as  a 
whole. 

Other  Industrial  End-Uses 

Other  major  industrial  end-uses  include  feedstocks,  cogener- 
ation  where  no  electricity  is  sold  to  the  grid,  and  electricity  end- 
uses  such  as  refrigeration,  air  conditioning  and  lighting. 

Projected  energy  demand  for  industrial  feedstocks  is  expected 
to  grow  by  48  percent,  while  energy  demand  for  cogeneration 
where  the  user  does  not  sell  electricity  to  an  electric  utility  is  ex- 
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Table  81 

Industrial  Energy  Use  Per  Dollar  of  Output 

1986  and  1997 

(BTUs/1975$  Output) 


Percent 

1986 

1997 

Change  in 

Energy 

Energy 

Energy 

SIC  Code 

Intensity 

Intensity 

Intensity 

20 

34,011 

29,855 

-12 

22 

34,019 

30,000 

-12 

23 

2,769 

2,514 

-    9 

24 

17,229 

14,875 

-14 

25 

9,286 

8,081 

-13 

26 

52,984 

45,331 

-14 

27 

3,287 

2,925 

-11 

28 

40,579 

35,718 

-12 

29 

29,355 

25,826 

-12 

30 

17,995 

15,625 

-13 

31 

15,740 

15,839 

+    1 

32 

26,379 

23,974 

-   9 

33 

35,564 

31,852 

-10 

34 

12,714 

10,583 

-17 

351 

4,312 

3,781 

-12 

361 

4,860 

4,228 

-13 

37 

6,934 

5,995 

-14 

381 

6,372 

5,379 

-16 

391 

6,747 

5,913 

-12 

1.  Category  includes  a  large  portion  of  high-technology  industries. 
Source:  SAFER  Model 


pected  to  drop  by  25  percent  over  the  period  1986  to  1997.  (See 
Table  83:  Industrial  Feedstock  and  Cogeneration  Energy  Con- 
sumption by  Fuel  Type,  1986-1997.)  Higher  demand  for  industrial 
feedstocks  will  be  driven  by  growth  in  the  chemical  and  related 
sectors.  The  decline  in  industrial  cogeneration  is  being  driven  by 
the  growing  popularity  of  PURPA-related  cogeneration  as  well  as 
the  flat  or  declining  economic  activity  in  many  of  the  sectors 
which  have  generally  cogenerated  for  their  own  use  in  the  past. 

Electricity  Consumption:  Industrial  demand  for  electricity,  in- 
cluding the  end-uses  of  air  conditioning  and  refrigeration,  light- 
ing, and  miscellaneous,  is  expected  to  increase  by  approximately 
one-third  between  1986  and  1997.  As  shown  in  Table  84  and 
Figure  44:  Industrial  Electricity  Consumption  by  End-Use, 
1986-1997,  leading  the  way  in  terms  of  demand  growth  in  both 
percentage  and  aggregate  terms  is  miscellaneous  electricity  de- 


mand, which  includes  demand  by  a  wide  range  of  industrial 
equipment  that  varies  substantially  from  industry  to  industry.  In- 
dustrial electricity  demand  for  refrigeration  and  air  conditioning, 
most  of  which  is  accounted  for  by  the  food  industry,  is  expected 
to  peak  in  1989  and  decline  slowly  thereafter  as  device  efficiency 
improves.  Similarly,  electricity  demand  for  lighting  by  the  indus- 
trial sector  is  projected  to  peak  in  1989  and  remain  stable  through 
the  end  of  the  forecast  period. 

Peak  Demand:  Of  the  three  major  economic  sectors,  the  in- 
dustrial sector  contributes  the  least  to  peak  electricity  demand. 
In  1986,  industrial  loads  accounted  for  17  percent  of  system  peak 
demand,  or  1461  MW.  This  contribution  to  peak  is  expected  to 
grow  slightly  during  the  forecast  period,  accounting  for  18  per- 
cent of  peak  load  by  1997.  (See  Table  68.) 

While  industrial  peak  loads  are  smaller  than  residential  and 
commercial  loads,  they  are  of  interest  because  of  the  potential  to 
shift  portions  of  these  loads  from  peak  to  off-peak  periods  of  the 
day.  Certain  industrial  uses  of  electricity  can  occur  anytime  dur- 
ing the  day  or  night.  Policies,  such  as  TOU  rates,  which  make  it 
more  expensive  to  use  electricity  during  peak  demand  periods 
and  cheaper  to  use  in  off-peak  hours,  would  encourage 
managers  to  shift  their  industrial  loads.  EOER's  analysis  of  a 
mandatory  TOU  rate  for  industrial  customers  indicates  that  such 
rates  could  reduce  1997  peak  industrial  demand  by  182  MW,  or 
9.5  percent.  (See  Table  85:  Industrial  Peak  Electricity  Demand 
With  and  Without  TOU  Rates,  1986-1997.) 
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Table  82 

Industrial  Process  Heat  Energy  Consumption  by  Fuel  Type 

1986-1997' 
(TBTUs) 


Total 


Oil 


Gas 


Coal 


Electricity 


1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Average  Annual 

Growth  Rate 

1976-1986 

1986-1997 


115.98 
118.29 
114.85 
118.53 
118.19 
118.31 
118.60 
118.68 
118.41 
118.64 
119.06 
119.32 


2.4% 
0.3% 


81.04 

83.27 

79.85 

83.33 

83.15 

83.54 

84.13 

84.38 

84.19 

84.51 

84.86 

85.08 

-  3.8% 

0.4% 

33.37 
33.47 
33.42 
33.62 
33.48 
33.22 
32.94 
32.77 
32.69 
32.60 
32.65 
32.67 


6.8% 
0.2% 


0.82 
0.83 
0.86 
0.87 
0.86 
0.86 
0.86 
0.86 
0.86 
0.87 
0.89 
0.90 


2.8% 
0.9% 


0.75 
0.73 
0.72 
0.71 
0.70 
0.68 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 


0.3% 
1 .0% 


1.  Includes  impacts  of  mandatory  TOU  rates  for  large  commercial/industrial  customers. 

2.  Utility  sales  only. 
Source:  SAFER  Model 
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Table  83 

Industrial 

Feedstock  and  Cogeneration 

Energy  Consumption  by  Fuel  Type 

1986-1997' 

(TBTUs) 

Feedstock 

Cogeneration 

Total 

Oil 

Gas 

Coal 

Total 

Oil 

Gas 

Coal 

1986 

10.09 

2.83 

5.35 

1.92 

4.44 

3.06 

1.33 

0.05 

1987 

10.58 

2.94 

5.54 

2.10 

4.40 

3.00 

1.35 

0.05 

1988 

11.10 

3.06 

5.77 

2.27 

4.33 

2.94 

1.35 

0.05 

1889 

11.52 

3.15 

5.91 

2.47 

4.24 

2.88 

1.32 

0.05 

1990 

11.90 

3.26 

6.12 

2.52 

4.09 

2.76 

1.28 

0.04 

1991 

12.29 

3.38 

6.35 

2.57 

3.94 

2.65 

1.25 

0.04 

1992 

12.70 

3.50 

6.58 

2.62 

3.82 

2.55 

1.22 

0.04 

1993 

13.12 

3.62 

6.82 

2.68 

3.71 

2.46 

1.20 

0.04 

1994 

13.50 

3.75 

7.07 

2.73 

3.60 

2.37 

1.19 

0.04 

1995 

14.00 

3.89 

7.33 

2.79 

3.51 

2.29 

1.17 

0.04 

1996 

14.48 

4.03 

7.60 

2.85 

3.42 

2.21 

1.16 

0.05 

1997 

14.96 

4.18 

7.88 

2.91 

3.33 

2.14 

1.15 

0.05 

Average  Annual 
Growth  Rate 
1986-97 

4.4% 

4.3% 

4.3% 

4.7% 

-2.3% 

-2.7% 

- 1 .2% 

0% 

1.  Cogenerators  who  do  not  sell  to  utilities. 
Source:  SAFER  Model 


Table  84 

Industrial 

Electricity  Consumption  by  End-Use 

1986-199T2 

(GWH) 


Total 


Process 
Heat 


Lighting 


AC 


Misc. 


1986 

10,202 

1987 

10,482 

1988 

10,908 

1989 

11,358 

1990 

1 1 ,542 

1991 

1 1 ,736 

1992 

11,958 

1993 

12,238 

1994 

12,567 

1995 

12,886 

1996 

13,231 

1997 

13,594 

Average  Annual 

Growth  Rate 

1976-1986 

2.3% 

1986-1997 

3.0% 

219 
215 
210 
209 
204 
200 
197 
195 
195 
195 
196 
197 


0.3% 
-0.9% 


206 
218 
228 
237 
235 
232 
230 
229 
228 
227 
227 
226 


0.3% 
0.9% 


142 
153 
159 
163 
161 
159 
157 
156 
155 
154 
153 
152 


■0.8% 
0.6% 


9,635 
9,896 
10,312 
10,749 
10,942 
11,144 
1 1 ,374 
1 1 ,658 
1 1 ,988 
12,310 
12,656 
13,019 


2.4% 
3.2% 


1.  Includes  impacts  of  mandatory  TOU  rates  for  large  commercial/industrial  customers. 

2.  Includes  both  utility  sales  and  self-generated  electricity. 
Source:  SAFER  Model 
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Figure  44 

Industrial  Electricity  Consumption  by  End-Use 
1986-1997 


GWH 
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Table  85 

Industrial  Peak  Electricity  Demand 

With  and  Without  TOU  Rates 

1986-199?2 

(MW) 


Total 

Process  Heat 

Other  End-Uses 

W/o 

With 

W/o 

With 

W/o 

With 

TOU 

TOU 

TOU 

TOU 

TOU 

TOU 

1986 

1,461 

1,461 

32 

32 

1,429 

1,429 

1987 

1,496 

1,496 

31 

31 

1,465 

1,465 

1988 

1,554 

1,509 

30 

30 

1,524 

1,479 

1989 

1,619 

1,553 

30 

29 

1,589 

1,524 

1990 

1,647 

1,561 

30 

28 

1,617 

1,533 

1991 

1,676 

1,569 

29 

27 

1,647 

1 ,542 

1992 

1,708 

1,570 

29 

26 

1,679 

1,544 

1993 

1,749 

1,606 

28 

26 

1,721 

1,580 

1994 

1,798 

1,649 

28 

26 

1,770 

1,623 

1995 

1,846 

1,690 

28 

26 

1,818 

1,664 

1996 

1,896 

1,735 

28 

26 

1,868 

1,709 

1997 

1,949 

1,782 

28 

26 

1,921 

1,756 

1.  Refers  to  summer  peak  demand. 

2.  Mandatory  TOU  rates  for  large  commercial/industrial  customers. 
Source:  SAFER  Model 
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The  Transportation  Sector 

Overall  Picture 

As  shown  in  Table  86:  Transportation  Energy  Consumption  by 
End-Use,  1986-1997,  energy  consumption  in  the  transportation 
sector  is  expected  to  decline  by  a  total  of  15  percent  over  the 
1986  to  1997  period,  whereas  it  remained  fairly  level  over  the  past 
decade.  In  large  part  this  is  the  result  of  unusually  high  consump- 
tion in  1986  due  to  low  oil  prices.  The  return  of  higher  oil  prices, 
together  with  improved  fuel  use  efficiencies  as  the  result  of  con- 
sumer preferences,  technological  progress  and  government  regu- 
lation, are  the  major  factors  behind  the  anticipated  drop  in  over- 
all energy  use  by  the  sector. 

Motor  Vehicles 

Energy  consumption  by  motor  vehicles,  which  include  automo- 
biles, trucks  and  motorcycles,  accounts  for  approximately  80  per- 
cent of  all  energy  use  by  the  transportation  sector.  As  seen  in  Ta- 
ble 86,  total  motor  vehicle  energy  use  is  expected  to  fall  by  17 
percent  between  1986  and  1997,  a  continuation  of  the  trend  seen 
over  the  last  decade. 

The  total  number  of  registered  vehicles  in  Massachusetts  is  ex- 
pected to  maintain  the  steady  upward  trend  seen  in  recent  years 
in  line  with  projected  rising  population  and  income  levels,  but 
average  vehicle  use  is  expected  to  decline  from  1986  levels  due 
to  higher  fuel  prices.  Total  fuel  consumption  by  motor  vehicles  will 
fall  somewhat  over  the  period,  due  primarily  to  improvements  in 
vehicle  fuel  efficiency.  This  occurs  despite  the  recent  relaxation 
in  federal  auto  fuel  efficiency  standards,  since  new  autos  still  get 
considerably  better  mileage  than  the  older  models  which  they  are 


gradually  replacing.  Currently,  new  automobiles  produced  by  a 
single  manufacturer  must  together  average  at  least  26  miles  per 
gallon  (mpg).  These  standards  are  due  to  revert  to  the  statutor- 
ally  required  27.5  mpg  for  1989  model  vehicles  and  those  that  fol- 
low. Overall,  Massachusetts'  vehicle  fleet  operating  efficiency  is 
expected  to  improve  by  10.6  percent  by  1997 

The  motor  vehicle  sector  is  relatively  unique  in  the  degree  to 
which  it  is  dominated  by  a  single  fuel  —  oil.  Alternatives,  includ- 
ing electric  vehicles  and  those  fired  by  methanol,  ethanol  or 
compressed  natural  gas,  are  technologically  feasible  but  are 
generally  not  economically  competitive  at  current  fuel  prices  ex- 
cept in  certain  specialized  applications.  Thus,  they  are  not  ex- 
pected to  be  utilized  in  significant  numbers  in  the  next  decade 
unless  higher-than-expected  oil  prices  occur  and/or  government 
policies  are  enacted  to  encourage  their  use. 

Other  Transportation 

Energy  use  by  other  modes  of  transportation,  including  aircraft, 
buses,  trains  and  ships,  accounts  for  about  20  percent  of  total 
transportation  energy  use  in  Massachusetts.  As  shown  in  Table 
86,  with  the  exception  of  shipping,  energy  consumption  by  these 
sectors  is  expected  to  drop  slightly  over  the  1986  to  1997  period, 
due  largely  to  a  combination  of  higher  energy  prices  and  im- 
proved end-use  efficiency 

Next  to  motor  vehicles,  aircraft  are  the  largest  consumers  of 
fuel  in  the  Massachusetts  transportation  sector,  accounting  for  14 
percent  of  the  sector's  total  consumption  in  1986.  Aviation  fuel 
consumption  is  expected  to  decline  by  13  percent  over  the  next 
decade,  the  result  of  higher  fuel  prices,  improved  efficiency  and 
a  leveling  off  of  the  recent  growth  in  local  airline  traffic. 


Table  86 

Transportation 

Energy  Consumption 
1986-1997 
(TBTUs) 

by  End-Use 

Motor 

Total 

Vehicles1 

Bus 

Train 

Plane 

Marine 

1986 

378.78 

302.70 

4.51 

0.49 

53.56 

17.52 

1987 

338.65 

272.88 

4.19 

0.38 

45.99 

15.22 

1988 

343.72 

275.41 

4.24 

0.34 

47.41 

16.32 

1989 

338.77 

270.61 

4.19 

0.28 

46.90 

16.78 

1990 

333.33 

265.48 

4.16 

0.23 

46.39 

17.06 

1991 

330.12 

262.09 

4.16 

0.19 

46.23 

17.45 

1992 

327.63 

259.29 

4.15 

0.16 

46.15 

17.88 

1993 

324.90 

256.37 

4.13 

0.14 

45.98 

18.27 

1994 

322.38 

253.63 

4.11 

0.11 

45.84 

18.68 

1995 

322.77 

253.05 

4.12 

0.10 

46.22 

19.28 

1996 

321 .93 

251.63 

4.11 

0.08 

46.32 

19.78 

1997 

322.70 

251.41 

4.12 

0.03 

46.69 

20.41 

Average  Annual 

Growth  Rate 

1976-1986 

0% 

-0.3% 

4.2% 

-7.8% 

1.5% 

1 .2% 

1986-1997 

- 1 .3% 

- 1 .5% 

-0.8% 

-8.0% 

-1.2% 

1 .5% 

1.  Excludes  buses. 
Source:  SAFER  Model 
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SUPPLY 


Electricity  Supply 

The  Massachusetts  Electric  Companies 

Massachusetts  is  served  by  eight  investor-owned  electric  util- 
ities and  40  publicly  owned  municipal  electric  companies.  Thirty- 
three  of  the  publicly  owned  electric  utilities  are  members  of  the 
Massachusetts  Municipal  Wholesale  Electric  Company 
(MMWEC),  a  joint  action  agency  with  a  mandate  to  assist  its 
members  in  their  supply  planning  activities.  The  other  seven 
municipal  light  departments  operate  independently,  although  they 
act  in  concert  with  MMWEC  on  selected  issues.  (See  Figure  45: 
Electric  Utility  Company  Service  Territories.) 

Salient  statistics  on  the  Commonwealth's  utilities  are  summa- 
rized in  Table  87.  The  largest  utility  in  the  state  is  Massachusetts 
Electric  Company,  serving  about  840,000  customers.  Russell 
Municipal  Light  is  the  smallest  of  the  Commonwealth's  utilities, 
serving  about  400  customers. 

The  investor-owned  utilities  include  the  following  eight  com- 
panies: 


Boston  Edison  Company  (BECo)  is  an  operating  public  utility 
engaged  in  the  generation,  purchase,  transmission,  distribution 
and  sale  of  electric  energy.  BECo  serves  a  population  of 
1,500,000  (638,000  customers)  in  Boston  and  39  surrounding 
towns  and  cities.  Boston  Edison  also  supplies  electricity  to  other 
utilities  and  municipal  electric  departments  for  resale. 

Cambridge  Electric  Light  Company  (CELCo),  and  Common- 
wealth Electric  Company  (CECo)  are  retail  subsidiaries  of 
Commonwealth  Energy  System,  serving  a  population  of  560,000 
(320,000  customers)  in  41  communities  including  New  Bedford, 
Plymouth,  Cambridge  and  Cape  Cod. 

Eastern  Edison  Company  (EEC),  serving  approximately 
162,000  customers  in  southeastern  Massachusetts,  is  a  retail 
subsidiary  of  Eastern  Utilities  Associates,  a  public  utility  holding 
company,  which  is  principally  engaged  in  the  generation,  trans- 
mission, distribution  and  sale  of  electricity. 

Fitchburg  Gas  and  Electric  Light  Company  (FG&E)  is  an 
operating  public  utility  serving  a  population  of  80,000  (24,000 
electricity  customers)  in  the  communities  of  Fitchburg,  Lunen- 
burg, Townsend,  and  Ashby  in  central  Massachusetts. 

Massachusetts  Electric  Company  (MECo),  serving  840,000 
customers  in  146  communities  throughout  Massachusetts,  is  a  re- 
tail subsidiary  of  the  public  utility  holding  company,  New  England 
Electric  System. 

Nantucket  Electric  Company  (NECo)  is  the  smallest  operat- 
ing public  utility  company  in  Massachusetts,  serving  about  6,000 
customers  on  a  year-round  basis  on  the  island  of  Nantucket. 
(Nantucket  Electric  Company  is  not  integrated  into  the  New  En- 
gland transmission  and  distribution  network.) 


Western  Massachusetts  Electric  Company  (WMECo)  is  a  re- 
tail subsidiary  of  Northeast  Utilities,  Inc.  and  serves  180,000  elec- 
tricity customers  in  59  western  Massachusetts  communities. 

The  Massachusetts  Municipal  Wholesale  Electric  Company 

(MMWEC)  is  an  organization  whose  members  include  33 
municipal  utilities  serving  250,000  customers,  located  throughout 
Massachusetts.  The  largest  member  is  Chicopee  Municipal  Light- 
ing Plant  with  23,000  customers,  and  the  smallest,  Princeton 
Municipal  Light  Department  with  about  1,400  customers. 

Seven  of  the  Commonwealth's  40  municipal  light  companies 
are  not  members  of  MMWEC.  They  are:  Braintree  Municipal  Light 
Department  (until  recently  an  MMWEC  member),  Taunton  Muni- 
cipal Light,  Town  of  Norwood,  Town  of  Wellesley,  Groveland  Elec- 
tric Light  Department,  Chester  Municipal  Light,  and  Russell 
Municipal  Light. 


The  Massachusetts  Electric  Companies  in  Context: 
NEPOOL 

Massachusetts  electricity  consumers  are  directly  served  by  the 
eight  investor-owned  and  40  publicly  owned  utilities  operating  in 
Massachusetts.  However,  in  order  to  understand  how  electricity 
is  supplied  and  how  planning  for  these  supplies  takes  place,  one 
must  put  the  Massachusetts  electric  companies  into  context  as 
part  of  the  New  England  electricity  system. 

Virtually  all  of  the  Massachusetts  electric  companies  are  mem- 
bers of  the  New  England  Power  Pool  (NEPOOL),  a  voluntary  as- 
sociation of  the  region's  electric  utilities.  The  New  England  Power 
Pool  was  established  by  an  agreement  among  the  electric  utility 
companies  of  New  England  to  provide  the  benefits  of  an  in- 
tegrated system  of  electricity  supply  provision  and  planning  for 
New  England  electricity  users. 

According  to  NEPOOL,  its  objectives  are: 

"to  assure  that  the  bulk  power  supply  of  New  England 
and  any  adjoining  areas  served  by  [NEPOOL  mem- 
bers] conforms  to  proper  standards  of  reliability,  and 

to  attain  the  maximum  practicable  economy,  consis- 
tent with  such  proper  standards  of  reliability  in  the 
bulk  power  supply,  and  to  provide  for  equitable  shar- 
ing of  the  resulting  benefits  and  costs. 

These  objectives  are  accomplished  through  joint 
planning;  central  dispatching  [of  power  plants]; 
cooperation  in  environmental  matters;  coordinated 
construction,  operation,  and  maintenance  of  electric 
generation  and  transmission  facilities;  and  through  ef- 
fective coordination  with  other  power  pools  and  utili- 
ties in  the  United  States  and  Canada."  (From  Sum- 
mary of  NEPOOL  Planning  Functions  and  Criteria 
for  Planning  Forecasts,  prepared  by  NEPLAN  staff 
for  NEPOOL  Planning  Committee,  April  1,  1986,  p.1.) 

Participation  in  NEPOOL  provides  potential  benefits  to  Massa- 
chusetts' electricity  consumers  on  two  levels.  First,  on  a  general 
planning  level,  participation  in  NEPOOL  allows  Massachusetts' 
utilities  to  plan  for,  and  potentially  optimize,  electricity  supply  over 
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Figure  45 

Map  of  Electric  Utility  Company 
Service  Territories 
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Table  87 

Massachusetts  Electric  Utilities: 
Number  of  Ultimate  Customers  and  Retail  Sales 

1986 

Number  of 
Ultimate  Customers 

Percent  of  Total 
Customers 

(0/0) 

KWH  Sales 

(Millions) 

Percent  of 
Total  Sales 

(0/0) 

Investor-Owned 

Boston  Edison  Company 

637,959 

25.8 

12,399 

31.2 

Cambridge  Electric  Light  Company 

42,077 

1.7 

1,166 

2.9 

Commonwealth  Electric  Company 

279,286 

11.3 

2,842 

7.2 

Eastern  Edison  Company 

162,280 

6.6 

2,207 

5.6 

Fitchburg  Gas  &  Electric  Company 

24,288 

1.0 

351 

0.9 

Massachusetts  Electric  Company 

839,745 

33.9 

13,446 

33.9 

Nantucket  Electric  Company 

6,066 

0.2 

66 

0.2 

Western  Massachusetts  Electric  Company 

179,700 

7.3 

3,549 

8.9 

Total  Investor-Owned 

2,171,401 

87.7 

36,026 

90.7 

Municipal 

Massachusetts  Municipal  Wholesale 
Electric  Company  (MMWEC)1 

Chester  Municipal  Light 

Groveland  Electric  Light  Department 

Russell  Municipal  Light 

Taunton  Municipal  Light 

Town  of  Norwood 

Town  of  Wellesley 

Total  Municipal 

TOTAL 


253,185 

523 

1,905 

389 

24,673 

13,438 

9,354 

303,467 

2,474,868 


10.2 

0.1 

1.0 

0.5 

0.4 

12.3 


2,757 

5 

19 

3 

462 

270 

168 

3,684 

39,710 


6.9 


1.  Public  corporation  owned  by  33  municipal  utilities. 

Source:  1986  FERC  Form  1  or  1986  Return  to  the  Massachusetts  Department  of  Public  Utilities  (for  each  company). 


1.2 
0.7 
0.4 
9.3 


a  broader  range  of  generation  and  transmission  options  than 
available  in  Massachusetts  alone.  For  example,  one  economic 
electricity  supply  option  for  Massachusetts  might  be  electricity 
generated  at  hydropower  plants  owned  and  operated  by  Hydro 
Quebec,  the  Canadian  province  of  Quebec's  provincial  utility. 
Hydroelectric  power  is  generally  inexpensive  and  provides  an  ad- 
ditional potential  benefit  to  Massachusetts  consumers  by  diver- 
sifying the  mix  of  fuels  by  which  electricity  is  generated  here. 
However,  because  Massachusetts  does  not  border  Quebec,  there 
is  no  way  to  transfer  power  directly  from  Quebec  to  Massachu- 
setts. Also,  Massachusetts'  utilities'  demand  for  Hydro  Quebec 
power  might  not  be  enough  on  its  own  to  warrant  construction  of 
high  voltage  power  lines  to  bring  the  power  down  from  Canada 
into  Massachusetts.  However,  through  NEPOOL,  Massachusetts' 
utilities  have  been  able  to  gain  access  to  economic  electricity 
from  Canadian  hydro  resources. 

Coordination  with  other  utilities  in  the  region  also  allows  for 
economies  of  scale  in  building  transmission  lines.  (Sizing  is  crit- 


ical to  the  economics  of  long  distance  high  voltage  transmission 
lines.  The  DC  technology  that  enables  power  to  be  transmitted 
very  long  distances  is  not  economic  for  transferring  small 
amounts  of  power.)  Coordinating  and  integrating  supply  planning 
throughout  the  region  also  allows  the  region  as  a  whole  to  take 
advantage  of  opportunities  to  develop  less  costly  supply 
resources  before  more  costly  ones,  even  if  they  are  located  in  an 
area  where  there  is  no  immediate  local  demand  for  them.  Exam- 
ples of  such  opportunities  include  cogeneration  and  small  hydro 
development  at  paper  mills  in  Maine;  gas-fired  cogeneration  in 
Connecticut;  trash-to-energy  facilities  in  Massachusetts;  and 
wood-fired  cogeneration  in  New  Hampshire. 

Second,  on  a  day-to-day  operational  level,  Massachusetts'  util- 
ities' participation  in  NEPOOL  can  provide  economic  benefits  to 
consumers  by  allowing  the  least  expensive  power  plant  availa- 
ble in  the  region,  as  opposed  to  in  an  individual  utility  company 
service  territory  or  within  the  state,  to  be  dispatched  or  provide 
the  next  increment  of  power.  Power  plants  are  turned  on  or  dis- 
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patched  as  needed  in  order  of  their  total  operating  costs  (includ- 
ing fuel),  with  the  least  costly  running  the  most  often.  As  demand 
or  load  on  the  system  increases  during  the  day  or  at  various  sea- 
sons of  the  year,  more  plants  are  dispatched.  With  centralized 
dispatch  of  power  plants  across  New  England,  there  are  more  op- 
tions for  bringing  less  expensive  plants  on  line  to  meet  increas- 
ing load. 

How  to  Define  Massachusetts'  Electricity  Supply 

Defining  Massachusetts'  share  of  New  England's  electricity 
supply  is  a  complex  task.  Most  of  the  utility  companies  serving 
Massachusetts  are  subsidiaries  of  larger  companies  which  serve 
customers  in  other  New  England  states.  Massachusetts  Electric 
Company,  Western  Massachusetts  Electric  Company,  and 
Eastern  Edison  Company  are  all  retail  subsidiaries  of  larger  util- 
ity holding  companies  which  serve  parts  of  New  Hampshire, 
Rhode  Island  and  Connecticut  in  addition  to  Massachusetts.  The 
parent  companies,  New  England  Electric  System,  Northeast  Util- 
ities, and  Eastern  Utilities  Associates,  respectively,  generally  plan 
system  supplies,  add  transmission,  build  plants  and  contract  for 
capacity  for  all  of  their  retail  subsidiaries'  customers.  While 
MMWEC  formally  includes  only  Massachusetts'  municipal  elec- 
tric companies  as  members,  it  also  represents  municipal  utilities 
in  other  states  in  some  transactions  for  capacity  within  NEPOOL. 
Therefore,  the  multi-state  nature  of  the  wholesale  suppliers  makes 
distinguishing  Massachusetts'  share  of  electricity  difficult. 

In  addition  to  the  complications  for  defining  Massachusetts' 
electricity  supply  posed  by  the  interstate  nature  of  the  utility  com- 
panies serving  Massachusetts,  the  highly  integrated  nature  of  the 
New  England  Power  Pool  adds  another  layer  of  complexity.  As 
mentioned  previously,  virtually  all  of  the  Massachusetts'  electric 
companies  are  members  of  NEPOOL  which  oversees  an  in- 
tegrated transmission  system  cutting  across  all  six  states  and 
dispatches  power  plants  throughout  New  England  virtually  as  if 
they  were  part  of  one  utility  system.  On  any  day,  NEPOOL  may 
call  upon  economical  plants  in  one  state  in  the  region,  for  exam- 
ple, Maine,  to  meet  customer  demand  in  some  other  states. 
NEPOOL  also  facilitates  both  formal  and  informal  short-term  pur- 
chases of  power  by  one  member  utility  from  another.  These  ex- 
changes of  power  take  place  on  a  regular  and  somewhat  infor- 
mal basis  adding  to  the  difficulty  of  clearly  separating  one  state's 
electricity  supplies  from  New  England  as  a  whole. 

Despite  the  difficulties  of  distinguishing  Massachusetts'  electric- 
ity supply  from  New  England's  as  a  whole,  it  is  often  useful  to  do 
so.  Demand  for  electricity  can  be  identified  and  projected  by 
state.  State  government  is  involved  in  the  electricity  market  as  a 
regulatory  and  policy-implementing  body;  therefore,  certain  poli- 
cies and  programs  which  affect  electricity  consumption  are  res- 
tricted to  state  boundaries.  Last,  and  perhaps  most  important, 
identifying  Massachusetts'  electricity  supply  in  relation  to  its  elec- 
tricity demand  is  useful  for  informing  the  debate  on  the  Com- 
monwealth's energy  policy. 


short-term  power  purchased,  and  small  power  purchases  con- 
tracted for  by  Massachusetts'  electric  companies  to  serve  their 
customers  in  Massachusetts.  Massachusetts'  electricity  supply  is 
thus  not  confined  to  generating  plants  physically  located  in 
Massachusetts.  Given  the  contractual  arrangements  that  exist, 
portions  of  some  plants  that  are  located  in  Massachusetts  are  not 
part  of  Massachusetts'  electricity  supply  but  part  of  the  supply  of 
other  New  England  states,  and  vice  versa.  Massachusetts'  future 
electricity  supply  includes  existing  generation,  contracts  and  pur- 
chases, and  power  plants  planned  or  under  construction  and 
scheduled  to  come  on  line  within  the  10-year  forecast  period,  as 
well  as  planned  bulk  and  small  power  purchases,  independent 
generation,  and  conservation. 

Existing  Electricity  Supplies 

In  1986  Massachusetts'  electricity  supplies  consisted  of  utility- 
owned  generation,  firm  capacity  contracts  with  utilities  both  in- 
side and  outside  the  region,  small  power  purchases,  short-term 
power  purchases,  and  a  small  number  of  interruptible  load  con- 
tracts with  customers.  Effective  generating  capacity  stood  at 
10,308  MW.  ("Effective  generating  capacity"  includes  utility-owned 
generating  units  adjusted  for  seasonal  ratings,  plus  firm  contract 
capacity,  small  power  purchase  capacity  and  short-term  purchase 
capacity.)  (See  Figure  46:  Massachusetts  Electricity  Supplies  by 
Type,  1986.) 

Figure  46 

Massachusetts  Electricity  Supplies 

by  Type,  1986 

(MW) 


Massachusetts'  Electricity  Supply 

EOER  has  defined  Massachusetts'  electricity  supply  as  the 
generating  capacity  owned,  contracts  for  firm  capacity  held, 
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Utility-owned  generating  capacity  at  8792  MW  accounted  for 
the  vast  majority,  85  percent,  of  Massachusetts'  electricity  sup- 

i  ply  resources  in  1986.  Forty-three  percent  of  this  capacity  was  oil- 
fired,  14  percent  coal-fired,  21  percent  nuclear,  17  percent  capa- 
ble of  burning  natural  gas,  and  almost  six  percent  was  hydroelec- 

i  trie.  In  terms  of  gigawatthours  of  electricity  generated  by  utility- 
owned  plants,  the  generation  mix  in  1986  was  50  percent  oil,  22 

i  percent  coal,  19  percent  nuclear,  3.5  percent  natural  gas,  and  five 

I  percent  hydroelectric.  Electricity  generated  from  nuclear  plants 
was  down  from  its  previous  level  of  25  percent  from  1981  to  1985 
due  to  the  unavailability  of  the  Pilgrim  nuclear  power  plant. 

Utility-owned  and  operated  pumped  storage  capacity,  with  590 
MW  of  effective  generating  capacity,  constituted  another  5.7  per- 
cent of  total  electricity  supplies. 

Firm  purchase  contracts,  at  625  MW  or  6.1  percent,  were  the 
!  second  largest  source  of  electricity  supplies  for  Massachusetts  in 
!  1986.  This  category  included  contracts  for  225  MW  of  capacity 
I  from  the  Pt.  Lepreau  nuclear  power  plants,  energy  purchases  un- 
i  der  the  Hydro  Quebec  Phase  I  agreement,  and  purchases  of  ca- 
pacity by  Massachusetts'  utilities  from  other  utilities  in  the  region. 

Small  power  purchases  constituted  a  little  over  one  percent  of 
Massachusetts  electricity  supplies  in  1986,  and  short-term  pur- 
chases through  NEPOOL  accounted  for  1.7  percent. 

Future  Electricity  Supplies 

Overview:  Utility-owned  generation  is  expected  to  remain  the 
predominant  source  of  Massachusetts'  electricity  supplies  over 
the  next  10  years,  although  its  share  is  expected  to  decline  to  78 

i  percent,  including  pumped  storage,  by  1997.  While  oil-fired 
generation  will  remain  the  major  source  of  utility  fossil  fuel-fired 
generation,  generating  capacity  capable  of  burning  natural  gas 
will  increase  substantially  over  the  next  10  years.  Coal-fired  util- 
ity capacity  is  projected  to  remain  relatively  stable.  (See  Table  88 

l  and  Figure  47:  Electric  Utility  Fossil  Fuel  Consumption, 
1986-1997.) 

Firm  purchase  contracts  will  constitute  a  larger  percentage  of 
;  effective  generating  capacity  in  the  early  1990s  but  are  projected 
to  fall  to  a  level  slightly  below  where  they  stand  today  by  1997 
;  Small  power  generation's  contribution  to  capacity  is  expected  to 
grow  substantially  in  the  next  10  years  from  just  over  one  percent 
:  in  1986  to  about  nine  percent  by  1997.  Short-term  purchases 
through  NEPOOL  will  vary  considerably  over  the  next  10  years  af- 
fected by  the  availability  of  power  in  the  rest  of  the  region,  the 
implementation  of  TOU  rates,  adoption  of  the  proposed  1992  light- 
ing standards,  implementation  of  utility  conservation  and  load 
management  programs,  and  greater  development  of  small  power 
and  cogeneration  resources.  In  some  years,  Massachusetts  is 
projected  to  make  no  short-term  power  purchases  through 
NEPOOL,  and  in  others  it  may  look  to  purchase  up  to  eight  per- 
cent under  certain  conditions.  (See  Table  89  and  Figure  48: 
Massachusetts  Future  Electricity  Supplies  by  Type,  1986-1997.) 

Planned  Additions  to  Generating  Capacity:  Massachusetts' 
utilities  have  already  planned  for  several  additions  to  generating 
capacity  in  the  next  10  years.  EOER  has  included  988  MW  of 


Table  88 

Electric  Utility 

Fossil  Fuel  Consumption 

1986-199T 

(TBTUs) 


Total 

Oil 

Gas 

Coal 

1986 

330.3 

159.9 

21.5 

148.8 

1987 

280.4 

91.7 

43.7 

145.1 

1988 

231.0 

66.9 

35.8 

128.3 

1989 

228.2 

58.2 

43.1 

126.9 

1990 

201.3 

46.8 

38.0 

116.5 

1991 

188.8 

42.7 

34.5 

111.5 

1992 

208.2 

48.5 

38.6 

121.1 

1993 

205.2 

48.0 

38.1 

119.1 

1994 

221.5 

52.7 

43.6 

125.3 

1995 

244.8 

61.9 

49.7 

133.2 

1996 

254.8 

65.0 

53.8 

136.0 

1997 

264.4 

69.6 

56.5 

138.2 

Average  Annual 

Growth  Rate 

Not 

1976-1986 

2.9% 

-3.7% 

133.3% 

Defined 

1986-1997 

-1.8% 

-5.1% 

14.8% 

-0.6% 

1.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards, 
new  MA  building  code,  proposed  1992  national  lighting  standards  and 
mandatory  TOU  rates  for  large  commercial/industrial  customers. 

Source:  SAFER  Model 
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Table  89 

Massachusetts  Future  Electricity  Supplies  by  Type 

1986-199T 

(MW) 


Utility 

Generating 

Capacity2 


Firm 
Purchases 


Small 

Power 

Purchases3 


Interruptible 
Load 


Pumped 
Storage4 


Short-term 
Purchases5 


1986 

10,308 

8,792 

625 

119 

11 

590 

171 

1987 

10,739 

8,743 

1,115 

200 

91 

590 

0 

1988 

1 1 ,043 

8,743 

1,376 

243 

91 

590 

0 

1989 

1 1 ,555 

8,738 

1,285 

557 

91 

590 

294 

1990 

1 1 ,855 

8,934 

1,282 

958 

91 

590 

0 

1991 

12,328 

9,128 

1,381 

1,138 

91 

590 

0 

1992 

11,911 

9,128 

906 

1,196 

91 

590 

0 

1993 

1 1 ,805 

9,128 

715 

1,196 

91 

590 

85 

1994 

12,033 

9,303 

597 

1,196 

91 

590 

256 

1995 

12,257 

9,346 

597 

1,196 

91 

590 

437 

1996 

12,502 

9,315 

560 

1,196 

91 

590 

750 

1997 

12,755 

9,315 

551 

1,196 

91 

590 

1,012 

1.  Based  on  NEPOOL,  utility  and  small  power  survey  data  available  10/87. 

2.  Capacity  adjusted  for  seasonal  availability. 

3.  Includes  independent  power  projects  (e.g.,  NEA  Bellingham). 

4.  Net  effective  generating  capacity. 

5.  Capacity,  projected  to  be  available  based  on  NEPOOL  1987  CELT  Report,  which  Massachusetts  might  seek  to  purchase. 
Source:  SAFER  Model 
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those  additions  in  this  analysis:  Ocean  State  I  and  II,  Northeast 
Energy  Associates  (Bellingham),  and  three  combined  cycle  or  gas 
turbine  projects  and  three  small  hydro  projects  proposed  by 
several  of  Massachusetts'  utilities.  These  projects  are  described 
below.  The  descriptions  are  based  on  information  from  the  in- 
dividual utilities  involved  in  the  projects  and  NEPOOL.  (Seabrook 
1 1,  of  which  Massachusetts'  utilities'  share  is  295  MW,  has  not 
been  included  as  part  of  the  Commonwealth's  future  electricity 
supplies  for  the  purposes  of  this  report.  Its  status  is  discussed  in 
greater  detail  later  in  this  section.) 

A  number  of  utilities  have  plans  to  build  combined  cycle  or 
gas  turbine  plants  within  the  next  10  years.  EOER  has  included 

!  three  of  these  additions  in  this  analysis:  two  combined  cycle  units 
of  89  MW  each  scheduled  to  come  on  line  in  1991  and  a  61  MW 
gas  turbine  planned  for  1995.  Combined  cycle  units  are  modular 
units  that  can  be  built  in  phases  beginning  with  construction  of 

;  a  gas  turbine,  and  proceeding  with  the  addition  of  a  waste  heat 
boiler  and  conventional  steam  turbine.  Gas  turbines  are  small 
generating  units  with  low  capital  costs  but  high  operating  costs 
due  to  low  efficiencies  and  high  fuel  costs.  They  are  generally 

1  built  to  meet  peak  load  needs. 

Ocean  State  I  and  II  are  two  230  MW  gas-fired  combined  cy- 
cle power  plants  to  be  built  in  Burrillville,  Rhode  Island.  Natural 
gas  for  Ocean  State  I  will  be  supplied  from  Western  Canada  un- 
der a  firm  20-year  contract  by  TransCanada  PipeLines,  Ltd.  Ten- 
nessee Gas  Transmission  is  expected  to  transport  the  gas  from 

i  Niagara  Falls,  New  York.  Power  from  Ocean  State  I  will  be  sold 
by  Ocean  State  Power,  an  independent  power  producer,  under  a 
20-year  contract  to  Boston  Edison  Company,  Eastern  Utilities  As- 
sociates (serving  Massachusetts  through  Eastern  Edison  Com- 
pany), New  England  Power  Company  (serving  Massachusetts 
through  Massachusetts  Electric  Company),  and  Newport  Electric 

>  Company  (serving  Rhode  Island).  Massachusetts'  share  of  each 
unit  is  calculated  to  be  205  MW.  Ocean  State  I  is  expected  to  be 

j  in  service  by  1990,  and  Ocean  State  II,  a  plant  identical  to  Ocean 
State  I,  by  1994. 

Northeast  Energy  Associates  (NEA)  is  a  300  MW  gas-fired 
combined  cycle  cogeneration  facility  planned  to  be  located  in  Bel- 
lingham, Massachusetts.  This  plant  is  being  developed  by  an  in- 
dependent power  producer.  NEA  has  contracts  to  sell  power  to 
three  utility  companies  who  serve,  or  whose  retail  subsidiaries 
serve,  Massachusetts'  customers.  They  are  Boston  Edison  Com- 
i  pany,  Commonwealth  Electric  and  Eastern  Utilities  Associates. 
The  plant  is  scheduled  to  go  on  line  in  1990. 

As  of  April  1987,  three  small  hydro  plants  were  scheduled  for 
construction  or  upgrading  within  the  next  10  years  and  are  in- 
cluded in  EOER's  supply  projections.  New  England  Electric  plans 
to  add  capacity  to  Wilder  3  in  Windsor  County,  Vermont  (2  MW 
serving  Massachusetts),  and  Northeast  Utilities  plans  to  add  ca- 
pacity at  Falls  Village  4  in  Litchfield  County,  Connecticut  (13  MW 
for  Massachusetts)  and  Cabot  7  in  Franklin  County,  Massachu- 
;  setts  (24  MW  for  Massachusetts). 

New  Firm  Purchases:  Another  major  addition  to  Massachu- 

|  setts'  electricity  supplies  within  the  forecast  period  will  be  Hydro 

Quebec  Phase  II.  Under  this  contract,  Massachusetts'  electric 

companies  will  purchase  the  equivalent  of  550  MW  of  capacity 


beginning  in  1991  and  continuing  to  2000.  (The  actual  Hydro 
Quebec  contract  is  for  firm  kilowatthours,  or  energy,  rather  than 
MW,  or  capacity,  but  will  provide  the  equivalent  of  550  MW  of  ca- 
pacity to  Massachusetts.)  This  capacity  has  been  made  availa- 
ble to  Massachusetts  through  its  companies'  participation  in 
NEPOOL.  The  New  England  Hydro-Transmission  Electric  Com- 
pany, Inc.,  another  subsidiary  of  New  England  Electric  System, 
will  direct  construction  of  the  transmission  intertie  which  will  make 
importation  of  this  power  possible.  The  intertie  was  scheduled  to 
be  completed  by  September  of  1990,  however  recent  delays  in 
receiving  final  regulatory  approval  and  placing  equipment  orders 
have  led  the  participants  in  the  project  to  believe  a  two  to  three 
month  delay  is  likely. 

Massachusetts'  electricity  supplies  will  also  increase  in  the  next 
few  years  as  a  result  of  firm  power  purchase  agreements  entered 
into  by  several  Massachusetts'  companies  for  excess  capacity 
offered  by  other  New  England  companies.  Boston  Edison  Com- 
pany, Commonwealth  Electric,  Fitchburg  Gas  and  Electric, 
MMWEC  and  New  England  Electric  have  contracted  to  purchase 
a  total  of  between  about  90  and  600  MW  per  year  between  1987 
and  1993  from  Northeast  Utilities.  This  capacity  is  from  power 
plants  that  were  scheduled  to  be  retired  by  Northeast  Utilities  be- 
cause it  no  longer  needed  them,  and  then  were  retained  to  meet 
the  needs  of  other  utilities  in  the  region.  (See  Table  90:  North- 
east Utilities  Sales  to  Massachusetts  Utilities  of  Retirement  Units, 
1987-1993.) 

Additions  to  Small  Power  Generation:  In  the  next  10  years, 
power  produced  by  small  power  producers  and  cogenerators  is 
expected  to  make  an  increasingly  important  contribution  to 
Massachusetts'  electricity  supplies.  EOER  has  conservatively  es- 
timated that  small  power  and  cogeneration  will  provide  about  nine 
percent  of  Massachusetts'  electricity  supplies  by  1997  (See 
Figure  49:  Small  Power  and  Cogeneration  Capacity,  1986  and 
1997.)  This  estimate  has  been  developed  based  on  an  extensive 
1986  survey  of  small  power  development  activity  in  Massachu- 
setts and  the  region,  and  from  the  early  results  of  implementation 
of  Massachusetts'  new  PURPA  regulations.  Projects  completed 
recently  or  already  under  construction  range  in  size  from  SES 
Millbury,  Inc.  at  about  35  MW  to  Springfield  Resource  Recovery 
Project  at  7.5  MW.  Projects  planned  for  completion  in  the  early 
1990s  include  James  River  Paper  Company  (38  MW),  and  BIO 
Energy  (38  MW).  In  addition,  Boston  Edison  Company,  the  first 
utility  to  have  completed  the  solicitation  process  under  the 
Department  of  Public  Utilities'  new  PURPA  regulations,  has  iden- 
tified 344  MW  of  projects  out  of  2000  MW  bid  as  the  winners  of 
its  solicitation.  Their  capacity  is  due  to  come  on  line  by  1992  at 
the  latest.  The  size  of  the  response  to  Boston  Edison's  solicitation 
indicates  that  the  potential  exists  within  Massachusetts  for  much 
greater  development  of  these  types  of  resources.  EOER  expects 
that  small  power  and  cogeneration  will  play  a  large  part  in  the 
development  of  additional  future  electricity  supplies  for  Massa- 
chusetts. 

Conservation  and  Load  Management:  Perhaps  the  most  im- 
portant change  in  Massachusetts'  electricity  supply  picture  over 
the  next  10  years  will  be  the  realization  of  a  substantial  portion  of 
the  now  untapped  potential  for  conservation  and  load  manage- 
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Table  90 

Northeast  Utilities 

Sales  to  Massachusetts  Utilities  of  Retirement  Units 

1987-1993 

(MW) 


Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer   9/92-    11/92- 
86/87       1987       87/88        1988       88/89        1989       89/90        1990       90/91        1991        91/92        1992       10/92     4/93 


Boston  Edison 

250 

250 

250 

250 

250 

250 

250 

50 

50 

Commonwealth 
Electric 

140 

148 

160 

100 

60 

60 

60 

58.6 

50 

Fitchburg 
G  &  E 

10 

10 

Eastern  Utilities 
Associates 

12.9 

12.9 

9.6 

9.6 

9.6 

9.6 

8.3 

MMWEC 

25 

50 

50 

50 

50 

41.6 

25 

25 

New  England  Power 
(Mass  Electric) 

81 

81 

81 

168 

168 

168 

168 

168 

168 

168 

TOTAL 

91 

481 

491.9 

615.9 

577.6 

537.6 

537.6 

529.2 

331.5 

293 

Source:  NEPOOL 
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merit.  Massachusetts'  utilities  are  just  now  beginning  to  move 
from  the  pilot  or  demonstration  project  stage  to  full-scale  im- 
plementation of  their  conservation  and  load  management  pro- 
grams. For  example,  in  the  last  year  Boston  Edison  Company  has 
begun  to  implement  a  wide-range  of  programs,  including  residen- 
tial and  commercial  lighting  rebates,  refrigerator  rebates,  a 
standby  generator  program,  and  a  storage  cooling  program.  In- 
ternal studies  prepared  for  Boston  Edison  indicate  that  there  is 
substantial  conservation  potential  within  its  service  territory. 

Other  Massachusetts'  utilities  are  also  embarking  on  long- 
range  conservation  and  load  management  programs.  Massachu- 
setts Electric  Company  is  beginning  to  implement  a  similar  var- 
iety of  programs  as  part  of  a  five-year  effort  to  develop  conser- 
vation resources  in  its  service  territory.  It  has  just  begun  to  offer 
incentives  for  storage  cooling,  standby  generation,  performance 
contracting  (where  energy  service  companies  install  energy  con- 
servation measures  in  commercial  and  industrial  facilities  and  are 
reimbursed  for  the  energy  they  save),  as  well  as  lighting  rebates 
directly  to  electrical  supply  houses  on  selected  energy  efficient 
lights  and  products.  Most  of  these  programs  are  in  their  first  year 
and  will  be  scaled  up  in  future  years. 

While  a  few  companies  have  begun  to  make  progress  in  mov- 
ing to  full  implementation  of  some  of  their  programs  in  the  last 
year,  almost  all  of  the  companies'  programs  remain  in  a  pilot 
phase  although  many  have  plans  to  move  forward  with  full-scale 
programs  in  the  next  few  years.  Therefore,  while  estimates  of  the 
potential  for  development  of  conservation  resources  exist,  the  ex- 
tent to  which  this  potential  will  be  realized  is  uncertain.  EOER  has 
been  talking  with  Massachusetts'  utilities  to  encourage  them  to 
move  forward  quickly  on  their  programs.  Conservation  and  load 
management  offer  many  benefits  to  both  consumers  and  the  util- 
ities. Results  of  programs,  both  within  Massachusetts  and  in  other 
areas  with  more  mature  programs  in  place,  indicate  that  conser- 
vation is  a  very  cost-effective  electricity  supply  source.  It  should 
play  an  increasingly  important  role  in  Massachusetts'  future  elec- 
tricity supplies. 

Summary:  Massachusetts'  electricity  supplies  will  increase  by 
about  14  percent  over  the  next  10  years  if  all  the  planned  addi- 
tions to  generating  capacity,  firm  contracts,  and  small  power  pur- 
chases discussed  in  the  previous  section  are  made.  Depending 
on  the  timing  and  magnitude  of  utility  conservation  programs  and 
the  degree  to  which  TOU  rates  or  other  utility  load  management 
programs  are  implemented,  Massachusetts'  utilities  may  need  to 
supplement  their  supplies  with  short-term  power  purchases 
through  NEPOOL. 

Assessing  Additional  Needs 

Short  vs.  Long-term  Needs:  In  addition  to  planning  for  long- 
term  electricity  needs,  the  impact  of  a  combination  of  factors  on 
the  adequacy  of  supplies  in  the  short-term  must  be  analyzed.  An 
analysis  of  the  adequacy  of  electricity  supplies  must  take  place 
at  two  levels.  At  the  planning,  or  system  capacity  level,  one  must 
compare  total  effective  generating  capacity  to  projected  levels  of 
demand.  This  involves  adding  the  capacity  of  utility  generating 
plants,  contracts,  small  power  producers,  conservation  and  load 
management,  and  short-term  purchases  and  comparing  the  to- 
tal to  projected  demand.  Generally,  capacity  must  be  equal  to 


demand  plus  a  reserve  margin  of  20  percent  to  ensure  that  cus- 
tomers can  be  served  reliably.  This  perspective  is  essentially  the 
view  taken  in  planning  for  long-term  supplies. 

However,  comparing  system  capacity  to  projected  demand, 
even  with  a  reserve  margin  of  20  percent,  is  not  adequate  to  en- 
sure that  loads  can  be  met  on  a  day-to-day  or  week-to-week  ba- 
sis in  the  short-term.  At  this  level,  operational  considerations  and 
the  probability  that  contingency  events  will  occur  must  be  taken 
into  account.  Factors  affecting  the  availability  of  a  power  plant  in 
the  near  term  might  not  be  perceived  in  a  long-term  analysis  be- 
cause they  do  not  affect  the  plant's  capacity,  but  they  will  have 
repercussions  for  long-term  planning.  Likewise,  actions  that  are 
anticipated  to  be  taken  in  the  long  term  will  affect  short-term  de- 
cision making. 

From  a  long-term  planning  perspective,  EOER's  analysis  does 
not  indicate  a  need  before  1997  for  additional  electricity  supplies 
beyond  those  planned  and  outlined  in  the  previous  section. 
However,  the  analysis  does  show  that  Massachusetts'  utilities  do 
need  to  begin  planning  for  additional  new  supplies  to  be  avail- 
able soon  after  1997.  By  looking  at  electricity  supplies  strictly  from 
a  long-term  effective  capacity  perspective,  one  might  be  misled 
to  conclude  that  no  immediate  action  need  be  take.;  however,  this 
is  not  the  case. 

Massachusetts'  short-term  electricity  supply  situation  is  very 
tight  as  a  result  of  a  number  of  factors,  including  reliance  on 
generating  facilities  whose  status  is  uncertain,  recent  unantici- 
pated growth  in  demand,  problems  with  the  availability  of  already 
operating  plants,  and  problems  with  regard  to  planning  for  con- 
tingencies. Massachusetts'  utilities,  along  with  others  in  the 
region,  have  consistently  included  the  Seabrook  I  nuclear  power 
plant  in  their  electricity  supply  plans  despite  problems  that  have 
plagued  the  project  and  strong  indications  that  it  might  not  be 
able  to  comply  with  several  regulatory  requirements,  or  at  least 
not  in  a  timely  enough  manner  to  provide  the  electricity  that 
Massachusetts  and  New  England  will  need.  In  addition,  high 
rates  of  economic  growth  have  led  to  an  increased  rate  of  growth 
in  electricity  demand  since  the  early  1980s,  although  it  remains 
well  below  the  rates  of  growth  experienced  prior  to  the  1970s. 
Massachusetts  and  other  New  England  utilities  have  also  ex- 
perienced problems  with  the  availability  of  individual  generating 
units.  While  short-term  and  impermanent  operational  problems  do 
not  necessarily  affect  a  plant's  capacity  value  for  long-term  plan- 
ning purposes,  they  can  severely  affect  the  adequacy  of  supplies 
in  the  short-term. 

Lastly,  to  some  extent,  Massachusetts'  utilities  have  not  ade- 
quately taken  these  contingencies  into  account  in  their  long-term 
planning.  In  addition,  their  reliance  on  traditional  electricity  sup- 
ply sources  is  illustrative  of  the  problems  and  changes  that  the 
electric  utility  industry  has  had  to  face  in  the  last  10  years:  large 
power  plants  with  long  lead-times  are  financially  risky  and  ill- 
matched  to  demand  growth;  demand  growth  is  itself  uncertain 
and  must  be  properly  managed;  and  lack  of  diverse  supply 
resources,  including  conservation,  load  management,  small 
power  production  and  cogeneration,  affects  the  operating  relia- 
bility and  cost  of  a  system.  Therefore,  actions  must  be  taken  now 
to  ensure  that  electricity  supplies  will  be  adequate  to  meet  cus- 


103 


State  Annual  Forecast  of  Energy  Resources 


tomer  needs  reliably  in  the  next  two  years,  and  these  actions  will 
affect  long-term  electricity  needs  as  well. 

Types  of  Need:  Electricity  supply  needs  are  affected  by  the 
pattern,  as  well  as  the  magnitude  and  timing,  of  customer  de- 
mand. Electricity  needs  are  generally  defined  as  being  of  one  of 
three  types:  peak,  intermediate  or  base  load,  based  on  the  num- 
ber of  hours  per  year  electricity  demand  is  projected  to  be  at  a 
particular  level.  On  summer  peak  days,  customers  demand  large 
amounts  of  electricity  in  the  mid-afternoon  for  commercial  air 
conditioning  and  lighting,  some  residential  air  conditioning,  and 
industrial  loads.  If  peak  demand  on  a  hot  day  reached  9000  MW, 
it  would  remain  at  this  level  for  several  hours  only  on  the  hottest 
days  in  a  summer.  On  average,  demand  may  be  only  about  5500 
MW,  and  this  level  will  be  experienced  for  perhaps  5000  hours 
per  year;  at  a  minimum,  demand  may  be  about  2500  MW,  which 
will  be  experienced  during  the  middle  of  the  night  on  each  day. 

Utilities  select  supply  options  by  matching  their  characteristics 
to  the  type  of  load  they  are  to  serve.  For  example,  refrigerators 
run  all  year,  every  day  and  can  be  thought  of  as  a  base  load  de- 
mand on  the  system.  Therefore,  a  utility  conservation  program 
directed  at  improving  the  efficiency  of  refrigerators  would  be  one 
way  to  meet  base  load  capacity  needs.  More  traditionally,  utilities 
have  built  large  coal  and  nuclear  power  plants  which  are 
designed  to  run  continuously  at  their  full  output  level  once  they 
are  turned  on,  and  which  have  high  capital  costs  and  low  oper- 
ating costs.  The  low  operating  costs  should  make  up  for  the  high 
capital  costs  given  the  large  number  of  hours  the  plants  are 
designed  to  run. 

At  the  other  end  of  the  scale,  air  conditioners  run  on  only  cer- 
tain days  and  at  their  maximum  capacity  during  the  hottest  hours 
of  those  days.  Commercial  air  conditioning,  in  fact,  is  the  largest 
contributor  to  summer  peak  load.  Therefore,  utility  conservation 
programs  aimed  at  reducing  the  demand  of  commercial  air  con- 
ditioning can  be  thought  of  as  peak  load  programs.  On  the 
generation  side,  gas  turbine  power  plants  can  start  quickly,  are 
expensive  to  run  in  terms  of  fuel  but  have  low  capital  costs.  Such 
peaking  units  only  run  for  relatively  few  hours  a  year,  about  900, 
so  their  low  capital  costs  generally  outweigh  their  high  operating 
costs. 

Intermediate  loads  and  generating  capacity,  as  the  name  im- 
plies, lie  between  peak  and  base  load  needs.  Examples  of  inter- 
mediate loads  may  be  water  heating  and  household  appliances. 
Intermediate  generating  units  include  oil-fired  steam  turbines  and 
combined  cycle  units;  they  operate  about  30  percent  of  the  hours 
of  the  year. 

Defining  Short-Term  Needs  and  Planning  for 
Contingencies 

Massachusetts'  short-term  electricity  supply  situation  is  tight 
due  to  a  combination  of  factors:  the  unavailability  of  existing  and 
planned  generating  facilities,  higher  than  anticipated  demand 
growth,  and  certain  operating  conditions,  such  as  power  plant 
performance  track  records.  Anticipating  the  possibility  of  some  or 
all  of  these  factors  occurring,  and  responding  to  the  conse- 
quences, constitutes  planning  for  contingencies.  For  this  report, 
EOER  has  analyzed  the  impacts  on  Massachusetts'  electricity 


supply  situation  of  three  contingencies:  the  cancellation  of 
Seabrook  I,  the  continued  unavailability  of  Pilgrim  I,  and  a  com- 
bination of  factors  that  could  lead  short-term  needs  to  exceed  cur- 
rently available  supplies. 

Cancellation  of  Seabrook  I:  The  Commonwealth  believes  that 
the  cancellation  of  Seabrook  I  as  a  nuclear  power  plant  is  in  the 
best  interests  of  the  citizens  of  Massachusetts,  and  its  policies 
and  actions  have  been  directed  to  that  end.  In  1986,  Governor 
Dukakis  determined,  after  extensive  study  and  analysis,  that  he 
could  not  reasonably  assure  the  safety  of  Massachusetts'  citizens 
within  a  10-mile  radius  of  the  plant  in  the  event  of  an  accident  re- 
quiring evacuation  of  this  population,  and  therefore  has  declined 
to  submit  to  the  Nuclear  Regulatory  Commission  what  will  neces- 
sarily be  inadequate  evacuation  plans  for  these  towns  and  cities. 
Given  the  Commonwealth's  position  on  this  issue,  Seabrook  I's 
capacity  has  not  been  included  as  part  of  either  Massachusetts', 
or  the  region's,  electricity  supplies  in  the  analysis  in  this  report. 
The  Commonwealth  views  the  likelihood  of  cancellation  as  high. 
Accordingly,  it  recognizes  the  need  to  ensure  adequate  supplies 
of  electricity  in  the  absence  of  Seabrook. 

In  assuming  that  the  Seabrook  I  plant  would  be  cancelled  for 
this  analysis,  EOER  made  several  assumptions  regarding  recov- 
ery of  expenditures  already  incurred  by  the  Massachusetts'  util- 
ities. Briefly,  to  reflect  the  rate  impacts  of  cancellation,  EOER  as- 
sumed that  Seabrook  I  would  be  cancelled  in  1988  and  cost 
recovery  would  begin  in  1989  and  occur  over  twelve  years.  The 
utilities  would  be  allowed  cost  recovery  of  and  on  50  percent  of 
their  investment.  The  portion  of  investment  not  allowed  was 
treated  as  a  reduction  in  utility  taxes.  A  more  detailed  discussion 
of  how  these  assumptions  were  modeled  can  be  found  in  the 
Technical  Appendix  companion  volume  to  this  report. 

Pilgrim  I  Availability:  Due  to  uncertainties  regarding  the  tim- 
ing and  likelihood  of  the  Pilgrim  I's  return  to  service,  and  ques- 
tions about  its  future  availability  should  it  return  to  service,  EOER 
believed  it  important  to  look  at  Massachusetts'  future  electricity 
supplies  both  with  and  without  Pilgrim  in  service.  In  order  to  as- 
sess the  impact  of  the  plant's  unavailability  on  electricity  supplies 
and  future  needs,  EOER  analyzed  Massachustts'  electricity  sup- 
ply and  demand  situation  with  Pilgrim  I  removed  from  the  sys- 
tem's capacity.  The  rate  impacts  of  the  loss  of  Pilgrim  I  were  not 
analyzed. 

Factors  Affecting  Short-Term  Needs  v.  Supply:  EOER  has 
also  reviewed  Massachusetts'  short-term  electricity  supply  situ- 
ation in  the  context  of  the  short-term  regional  supply  situation.  As 
part  of  an  interconnected  regional  electricity  system  like 
NEPOOL,  any  individual  company's  or  state's  electricity  supply 
situation  will  be  affected  by  the  status  of  the  system  as  a  whole. 
In  general,  interconnection  and  power  pooling  provide  a  means 
for  temporary  supply  deficiencies  in  one  utility  service  territory  to 
be  filled  by  available  capacity  in  another  utility  service  territory. 
Historically,  Massachusetts  and  the  other  New  England  states 
have  benefited  from  interconnection  in  this  way.  Due  to  the  diver- 
sity within  the  system  in  terms  of  both  supplies  and  timing  of 
peak  loads,  power  could  be  shared  around  the  region. 

For  example,  every  individual  utility  in  New  England  maintains 
enough  generating  capacity  and  other  supply  resources  to  serve 
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its  own  load  plus  a  reserve  margin.  If  all,  or  most,  of  that  com- 
pany's plants  are  running,  it  would  have  enough  capacity  to  share 
with  another  utility  which  has  a  large  number  of  plants  out  of 
service  for  planned  or  unplanned  repairs.  Also,  due  to  regional 
diversity  —  Maine  peaking  in  the  winter  versus  Connecticut  peak- 
ing in  the  summer  —  individual  utility  systems  will  hit  their  own 
system  peaks  at  different  times;  therefore,  a  system  not  peaking 
may  be  able  to  sell  power  to  another  that  is.  In  fact,  within 
Massachusetts  itself  this  sharing  takes  place  with  winter-peaking 
western  and  rural  Massachusetts'  companies  transferring  power 
to  summer-peaking  eastern  and  urban  companies  in  the  sum- 
mer and  receiving  power  from  them  in  the  winter. 

In  the  last  year,  and  through  the  next  two,  electricity  supplies 
will  be  tight  throughout  New  England  for  many  of  the  same  rea- 
sons Massachusetts'  electricity  supplies  will  be  tight.  Seabrook  I 
has  not  come  on  line  as  scheduled  by  the  utilities;  the  Pilgrim  I 
plant,  which  is  owned  only  by  Massachusetts'  utilities  but  contrib- 
utes to  supply  stability  in  the  region  overall  by  providing  a  source 
of  base  load  power  in  southeastern  New  England,  has  been  out 
!  of  service  since  April  1986;  and  NEPOOLs  projections  for  de- 
mand growth  for  the  next  few  years,  as  contained  in  its  Spring 
1987  Forecast  Report  of  Capacity,  Energy,  Loads  and  Transmis- 
sion (CELT  Report),  are  now  considered  to  be  too  low.  Therefore, 
New  England's  needs  are  now  projected  to  be  higher  than  ex- 
pected at  the  same  time  that  certain  planned  units  may  not  be 
providing  power  to  the  region.  Therefore,  Massachusetts'  electric 
companies  cannot  rely  on  being  able  to  meet  their  needs  in  the 
next  two  years  through  short-term  purchases  of  power  through 
NEPOOL. 

Short-Term  Needs:  In  this  analysis,  EOER  has  projected  that 
in  1988  Massachusetts  may  need  up  to  650  MW  of  additional 
electricity  supplies  to  meet  peak  demand  for  this  winter  and  next 
summer.  The  magnitude  of  any  capacity  shortfall  will  be  affected 
by  the  availability  of  Pilgrim,  and  the  effectiveness  of  utility  efforts 
to  manage  load,  for  example  by  implementing  TOU  rates  or  sign- 
ing contracts  with  customers  to  pay  them  if  they  agree  to  have 
their  service  interrupted  at  the  time  of  the  utility's  or  system's 
peak.  If  mandatory  TOU  rates  for  large  commercial  and  industrial 
[  customers,  or  equivalent  load  management  programs,  are  im- 
:  plemented,  Massachusetts'  supply  needs  on  peak  could  be 
reduced  by  150  MW.  If  Pilgrim  I  returns  to  service  and  is  avail- 
:  able  to  meet  both  winter  and  summer  peak  loads,  Massachusetts' 
:  needs  will  be  reduced  by  about  650  MW,  and  electricity  supplies 
;  could  be  adequate  to  meet  a  projected  1988  peak  demand  of 
about  9000  MW  without  additional  load  management  efforts.  The 
effective  implementation  of  TOU  rates  or  other  load  management 
programs,  along  with  the  availability  of  Pilgrim,  would  provide  an 
additional  cushion  of  safety. 

Given  NEPOOLs  fall  1987  projections  for  its  1988  peak  de- 
mand, the  Pool  will  have  only  214  MW  of  capacity  above  its 
reserve  margin  which  Massachusetts'  utilities  could  rely  on  to  be 
available  for  short-term  purchases.  This  assumes  a  NEPOOL 
j  peak  load  of  18,600  MW  for  winter  1987/88  and  18,900  MW  for 
|  summer  1988.  It  may  be  that  due  to  regional  diversity,  at  the  time 
that  Massachusetts'  utilities  would  be  looking  for  additional  sup- 
plies, other  companies  in  NEPOOL  could  provide  them  given  the 
diversity  in  the  system.  However,  the  margin  of  what  one  might 


arguably  call  excess  is  small,  and  in  fact,  smaller  than  Massa- 
chusetts' projected  contingency  needs. 

For  1989  the  situation  is  similar;  while  Massachusetts'  supply 
situation  is  tighter,  the  region's  is  projected  to  be  less  tight. 
Massachusetts  may  need  from  280  to  1200  MW  of  additional 
electricity  supplies  to  meet  projected  1989  peak  needs  of  9350 
MW.  The  actual  magnitude  of  need  will  be  affected  by  the  avail- 
ability of  Pilgrim  in  1989  and  the  effectiveness  of  policies  like 
mandatory  TOU  rates  and  utility  conservation  and  load  manage- 
ment programs.  If  TOU  rates  and  load  management  and  conser- 
vation programs  are  implemented,  EOER  estimates  that  Massa- 
chusetts' peak  needs  could  be  reduced  by  about  250  MW.  If 
Pilgrim  I  is  available,  Massachusetts'  electricity  supplies  would  be 
increased  by  670  MW.  However,  even  with  both  effective  load 
management  and  the  availability  of  Pilgrim  in  1989,  Massachu- 
setts' utilities  would  need  another  280  MW  of  electricity  supplies 
to  meet  projected  peak  needs  and  maintain  a  reserve  margin  of 
20  percent. 

Given  NEPOOLs  fall  1987  projection  of  peak  demand  for  winter 
88/89,  the  Pool  will  have  approximately  260  MW  of  capacity  over 
what  it  would  need  to  serve  a  projected  load  of  19,200  MW.  To 
date,  NEPOOL  has  not  updated  its  projection  for  summer  peak 
load  in  1989  since  its  1987  CELT  Report  projection  of  18,965  MW. 
However,  NEPOOL  has  indicated  that  it  believes  the  1987  CELT 
projection  is  too  low.  If  the  summer  1989  peak  is  higher  than  the 
19,200  MW  updated  projection  for  winter  88/89  peak  load,  there 
would  be  virtually  no  capacity  available  for  short-term  purchases 
by  Massachusetts'  companies.  Again,  it  may  be  that  at  the  time 
of  the  Massachusetts'  peak,  other  companies  in  NEPOOL  would 
have  capacity  available  for  purchase  by  Massachusetts'  utilities. 
However,  the  margin  would  still  be  small  and  capable  of  covering 
only  the  best-case  scenario  for  Massachusetts. 

In  1990,  the  situation  should  ease  somewhat,  particularly  if 
projects  planned  for  completion  by  that  time,  namely  Ocean  State 
I  and  NEA  (Bellingham),  remain  on  schedule.  However,  should 
Pilgrim  not  return  to  service,  Massachusetts  would  need  about 
175  MW  of  capacity  to  meet  projected  peak  needs  of  9423  MW. 

Meeting  Short-Term  Needs:  Massachusetts'  short-term  elec- 
tricity needs  are  potentially  significant.  Meeting  them  reliably  will 
require  a  concerted  effort  by  the  Massachusetts'  electric  compa- 
nies in  several  areas  simultaneously,  along  with  cooperation  from 
regulators  and  government. 

First,  the  utilities  must  move  their  conservation  and  load 
management  programs  from  the  pilot  phase  to  full  implementa- 
tion quickly.  Particular  attention  should  be  paid  to  load  manage- 
ment as  the  possible  shortage  of  supply  is  projected  to  occur  at 
peak  times.  Such  programs,  unlike  constructing  new  generating 
plants,  could  be  put  in  place  within  the  needed  time  period.  If 
peak  demand  can  be  reduced  from  projected  levels,  the  supply 
situation  will  ease.  The  potential  conservation  and  load  manage- 
ment offer  is  large.  Second,  both  regulators  and  the  utilities  must 
move  toward  full  implementation  of  Massachusetts'  new  PURPA 
regulations.  While  not  many  projects  will  be  able  to  provide  elec- 
tricity immediately,  there  may  be  some.  Progress  in  this  area  will 
serve  to  ensure  the  adequacy  of  supplies  into  the  1990s  as  well. 
The  utilities  also  need  to  explore  the  possibility  of  additional  bulk 
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power  purchases,  or  purchase  arrangements  to  cover  periods  of 
time  when  peaks  are  likely  to  occur,  to  meet  short-term  electric- 
ity needs.  While  these  needs  are  projected  as  a  result  of  the  oc- 
currence of  contingency  events,  they  reflect  a  possibility  for  which 
the  utilities  must  plan. 

Planning  for  the  Long-Term 

Looking  beyond  the  short-term  situation,  Massachusetts'  utili- 
ties also  need  to  begin  thinking  and  planning  now  for  projected 
long-term  electricity  needs.  EOER  has  estimated  that  the  lead 
time  for  development  of  resources  to  meet  peak  needs  is  gener- 
ally four  years,  and  to  meet  base  load  needs  it  is  eight  years.  The 
need  for  additions  to  electricity  supplies  in  the  long-term  will  be 
affected  by  actions  taken  to  meet  short-term  needs.  Assuming 
that  short-term  needs  are  met  and  given  the  lead-time  estimates 
assumed,  EOER  projects  that  utilities  will  need  to  begin  active 
planning  in  1994  for  additions  to  electricity  supplies  to  meet 
projected  peak  and  base  load  needs  in  the  years  from  1998  to 
2005.  (See  Table  91:  Timetable  for  Planning  for  Projected  Electric- 
ity Needs  with  Alternative  Policies,  1987-1997.) 

Least-Cost  Integrated  Planning:  Massachusetts'  utilities  have 
many  options  available  to  them  for  meeting  future  electricity 
needs  and  while  estimates  of  their  potential  may  vary,  there  is 
general  agreement  that  it  is  substantial.  To  a  large  extent,  the  util- 
ities' task  will  be  to  choose  among  these  resource  options  to  de- 
termine how  best  to  meet  their  customers'  needs  at  the  lowest 
possible  cost  and  environmental  impact.  The  Commonwealth's 
policy  is  that  utilities  should  use  a  least-cost  integrated  planning 
process  to  make  this  determination.  A  least-cost  planning  defi- 
nition that  has  recently  been  proposed  by  New  England's  energy 
officials  captures  the  key  elements  in  the  least-cost  planning 
process:  "Least-cost  integrated  planning  requires  a  process  which 
takes  a  broad  perspective  of  electricity  planning  by  considering, 
on  an  equal  basis,  a  range  of  electricity  supply  and  demand  op- 
tions, such  as  conservation,  load  management,  private  power 
production,  purchases,  repowering,  plant  life  extensions,  and  new 
plant  construction;  and  selecting  those  options  which  can 
reasonably  be  expected  to  meet,  at  the  lowest  projected  long-term 
cost,  future  electricity  service  needs.  The  evaluation  of  the  cost 
of  each  option  must  include  both  the  direct  cost  of  the  option  and 
any  appropriate  external  costs,  such  as  environmental  and  social 
costs.  Costs  computed  in  this  manner  should  thus  incorporate 
such  factors  as  system  diversity,  flexibility  and  security." 

Given  a  least-cost  planning  framework  such  as  this,  it  is  to  be 
expected  that  Massachusetts'  utilities  will  meet  their  future  needs 
with  a  mix  of  resources  that  includes  substantial  amounts  of  con- 
servation and  load  management,  additional  cogeneration  and 
small  power  development,  and  bulk  power  purchases,  as  well  as 
the  possible  construction  of  new  utility  generating  capacity  in  the 
Commonwealth. 

Conservation  and  Load  Management:  The  analysis  of  future 
electricity  demand  discussed  in  this  report  does  not  include 
projections  of  the  impacts  of  utility-sponsored  conservation  and 
load  management  programs.  Numerous  estimates  of  the  poten- 
tial for  reduction  in  electricity  demand  from  these  types  of  pro- 
grams exist.  A  recent  analysis  entitled  Power  To  Spare,  conducted 


by  the  New  England  Energy  Policy  Council,  a  consortium  of  con- 
sumer and  environmental  organizations  around  the  region,  esti- 
mated a  potential  for  reduction  in  electricity  consumption  in 
Massachusetts,  from  levels  projected  by  the  utilities,  of  19,776 
GWH  in  the  year  2005.  The  Council  assumed  100  percent  pene- 
tration of  commercially  available  energy  efficient  technologies  in 
developing  this  estimate.  A  more  conservative  estimate  of  poten- 
tial reductions  in  energy  consumption  has  been  put  forward  by 
the  New  England  Power  Pool  in  a  companion  report  to  its  1987 
CELT  Report.  In  this  document,  NEPOOL  estimated  peak  de- 
mand savings  of  256  MW  by  1997.  A  report  prepared  for  Boston 
Edison  Company's  Board  of  Directors  estimated  savings  of  1000 
MW  "as  not  an  unrealistic  goal"  by  the  year  2000  for  Boston  Edi- 
son Company  alone. 

EOER  believes  tapping  Massachusetts'  conservation  potential 
will  be  a  cornerstone  in  building  a  least-cost  plan  to  provide  for 
the  Commonwealth's  future  electricity  needs.  Conservation  in- 
vestments pay  off  not  only  in  terms  of  saved  energy,  but  also  in 
terms  of  increased  efficiency  and  reduced  costs  for  Massachu- 
setts' industries,  businesses  and  households,  which  in  turn  en- 
hances Massachusetts'  competitive  position.  Increased  energy 
efficiency  promotes  future  economic  growth  in  addition  to  sup- 
porting current  levels  of  economic  activity. 

Conservation  investments  also  pay  off  for  the  utilities  making 
them.  Conservation  can  be  tapped  relatively  quickly  compared  to 
traditional  electricity  supply  sources,  it  can  be  developed  in 
increments  to  match  demand  growth  closely,  and  its  strategic  de- 
velopment can  serve  to  reduce  uncertainty  about  future  demand 
growth.  It  also  adds  to  the  diversity  of  the  electricity  supply  sys- 
tem, thereby  reducing  the  risk  associated  with  over-reliance  on 
any  one  resource.  These  characteristics  make  conservation  an 
ideal  resource  to  address  and  correct  many  of  the  problems  the 
utility  industry  has  faced  since  the  early  1970s:  capacity  additions 
ill-matched  to  demand  growth  in  terms  of  both  timing  and  size; 
high  and  unstable  fuel  prices;  changing  regulatory  and  licensing 
requirements  for  certain  technologies;  and  uncertain  levels  of 
demand  growth. 

Small  Power  Production  and  Cogeneration:  EOER  believes 
that  the  projections  for  future  small  power  and  cogeneration  de- 
velopment included  in  this  analysis  are  conservative.  The  early 
responses  to  the  new  Massachusetts'  PURPA  regulations  indicate 
that  the  potential  for  development  of  these  types  of  resources  is 
large.  The  extent  to  which  they  will  be  developed  will  depend  on 
both  the  need  for  new  resources  and  the  costs  of  alternative  sup- 
ply options.  The  new  Massachusetts  PURPA  process  is  designed 
to  promote  the  development  of  appropriate  magnitudes  of  these 
resources  in  a  timely  manner.  Again,  these  resources  generally 
compare  favorably  with  traditional  utility  supply  options  in  several 
areas.  Their  smaller  size  and  shorter  lead-times  make  a  better 
match  for  incremental  demand  growth  than  large  central  station 
generating  plants.  In  addition,  many  small  power  plants  make  use 
of  indigenous  resources,  such  as  hydropower  and  wood,  while 
trash-to-energy  plants  can  help  to  solve  an  environmental 
problem  at  the  same  time  that  they  produce  electricity.  Cogener- 
ation plants,  where  energy  is  effectively  used  twice  (to  create 
steam  and  to  generate  electricity),  make  more  efficient  use  of 
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Table  91 

Timetable  for  Planning  for  Projected  Electricity  Needs 

with  Alternative  Policies 

1987-1997 

(MW) 


w/TOU  Rates 

w/Pilgrim 

Appl.Stds.& 

w/1992 

w/TOU 

&  1992 

Out  of 

MA  Bldg.  Code2 

Standards3 

Rates" 

Standards5 

Service6 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
'  1997 
TOTAL 

1987 
■■  1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
TOTAL 

Total 


0 

0 

0 

0 

0 

0 

0 

1,400 

300 

600 

300 

2,600 

0 
0 
0 
0 
0 
0 

400 
0 
0 

400 
0 

800 

3,400 


PEAK7 


0 
0 
0 
0 
0 
0 
0 

1,300 
200 

1,000 
100 

2,600 

0 

0 

0 

0 

0 

0 

0 

400 

0 

0 

400 

800 

3,400 


BASE  LOAD" 


0 

0 

0 

0 

0 

0 

0 

500 

100 

1,100 

100 

1,800 

0 

0 

0 

0 

0 

0 

0 

400 

0 

0 

400 

800 

2,600 


0 
0 
0 
0 
0 
0 
0 
400 
0 

1,100 
200 

1,700 

0 
0 
0 
0 
0 
0 
0 

400 
0 
0 
0 

400 

2,100 


0 

0 

0 

0 

0 

0 

300 

1,700 

300 

700 

300 

3,300 

0 
0 
0 
0 

400 
0 
0 
0 
0 

400 
0 

800 

4,100 


1.  Needs  expressed  in  terms  of  capacity. 

2.  Includes  impacts  of  MA  and  national  appliance  efficiency  standards,  and  MA  building  code  revisions. 

3.  Includes  impacts  of  1992  national  lighting  standards  in  addition  to  appliance  efficiency  standards  and  the  MA  building  code. 

4.  Includes  impacts  of  mandatory  TOU  rates  for  large  commercial/industrial  customers  in  addition  to  appliance  efficiency  standards  and  the  MA 
building  code. 

5.  Includes  impacts  of  1992  lighting  standards,  TOU  rates,  appliance  efficiency  standards  and  the  MA  building  code. 

6.  Includes  impacts  listed  under  2  and  reflects  Pilgrim  removed  from  capacity. 

7.  Assumes  four  year  lead-time  for  planning  for  peak  needs.  (For  example,  in  1994  planning  should  begin  for  1400  MW  of  peak  capacity  to  be 
available  in  1998.) 

8.  Assumes  eight  year  lead-time  for  planning  base  load  needs.  (For  example,  in  1993  planning  should  begin  for  400  MW  of  base  load  capacity  to  be 
available  in  2001.) 

Source:  SAFER  Model 


107 


State  Annual  Forecast  of  Energy  Resources 


energy  in  the  economy.  Thus,  they  reduce  Massachusetts'  over- 
all energy  consumption  and  reliance  on  imported  energy  sources. 

Bulk  Power  Purchases:  Massachusetts  is  already  benefiting 
from  the  purchase  of  electricity  produced  outside  the  region  and 
transmitted  to  New  England  over  high  voltage  transmission  lines. 
For  example,  New  England  transfers  large  amounts  of  power  long 
distances  through  the  Hydro  Quebec  Phase  I  project. 

Historically,  transmission  lines  have  been  built  in  conjunction 
with  the  construction  of  generating  facilities,  and  have  been  sized 
to  move  power  from  these  stations  to  load  centers.  However,  with 
advances  in  transmission  line  technology  in  recent  years,  partic- 
ularly high  voltage  direct  current  (HVDC)  line  technology,  it  has 
become  economic  to  build  transmission  lines  to  move  power  ex- 
tremely long  distances.  This  enables  regions  without  certain 
types  of  low-cost  resources  to  take  advantages  of  these  resources 
anyway.  Hydro  Quebec  Phase  I  brings,  and  Phase  II  will  bring 
more,  power  from  the  James  Bay  hydroelectric  complex  in  north- 
ern Quebec  to  the  New  England  states.  The  transfer  benefits  New 
England  and  Massachusetts  by  providing  them  with  yet  another 
electricity  supply  option,  low-cost  hydroelectric  power.  It  also 
benefits  Quebec  by  allowing  it  to  take  full  economic  advantage  of 
its  own  natural  resources.  Proposals  for  additional  ties  to  and 
purchases  from  Quebec  are  under  active  consideration  by  some 
of  the  region's  utilities. 

Other  Canadian  provinces,  with  their  own  natural  resources  to 
develop,  have  also  proposed  power  transfers  to  New  England. 
Nova  Scotia,  along  with  Boston  Edison  Company,  is  exploring  the 
feasibility  of  construction  of  underwater  long-distance  HVDC  lines 
to  bring  between  900  and  1200  MW  of  coal-fired  power  to  Massa- 
chusetts. Over  the  years,  various  proposals  have  also  been  made 
to  build  a  Northeast-Midwest  intertie  which  would  permit  the 
transfer  of  400  to  800  MW  of  power  to  New  England  from  coal- 
fired  plants  in  the  Midwest.  To  date,  such  proposed  transfers  from 
the  Midwest  have  not  proven  economic,  however,  continuing  de- 
velopments in  transmission  technology  may  make  them  feasible 
within  the  next  10  years. 

One  exciting  new  development  with  potential  application  to 
transmission  line  technology  has  been  the  discovery  of  super- 
conducting materials  that  work  at  much  higher  temperatures  than 
any  previously  known.  Superconductors  allow  the  transfer  of  elec- 
tric energy  with  no  loss  due  to  friction.  With  current  transmission 
technologies,  about  seven  percent  of  the  energy  transferred  is 
lost  in  transmission  and  distribution  due  to  friction  or  line 
resistance.  While  it  is  highly  uncertain  whether  superconductor 
applications  for  long-distance  electricity  transmission  will  become 
commercially  viable  in  the  next  10  years,  the  utility  industry  will 
be  following  their  progress  closely. 

New  Generating  Capacity  in  Massachusetts:  A  fourth  option 
for  meeting  the  Commonwealth's  future  electricity  needs  is  the 
contruction  of  new  generating  capacity  in  Massachusetts.  During 
the  past  several  years,  much  progress  has  been  made  in  de- 
veloping flexible,  standardized  packages  for  new  generation,  and 
this  has  made  construction  of  new  capacity  a  more  viable  sup- 
ply option  than  it  has  been.  The  smaller  sizes  of  the  new  units 
(100  to  400  to  600  MW  versus  1000  MW)  and  their  modular  na- 
ture enable  utilities  to  track  demand  growth  more  closely,  and 


standardization  shortens  lead-times  for  construction  and  can 
facilitate  licensing.  Options  for  new  generating  facilities  range 
from  conventional  pulverized  coal  plants  equipped  with  scrubbers 
to  modular  integrated  gasification/combined-cycle  plants.  Tech- 
nologies such  as  fuel  cells  and  photovoltaics  may  reach  the 
commercialization  stage  of  development  in  the  next  10  years  as 
well.  Small  demonstration  projects  using  these  technologies  are 
already  being  tested. 

Descriptions  of  some  of  the  options  for  new  generation,  as 
noted  in  the  New  England  Governors'  Conference,  Inc.'s  Decem- 
ber 1986  report,  include: 

•  Conventional  Pulverized  Coal  with  Scrubbers.  Base  load 
coal  units  in  the  range  of  300  to  800  megawatts  could  be 
available  within  a  10  to  12-year  lead  time  according  to 
NEPOOLs  and  the  utilities'  latest  estimates.  The  advantages 
associated  with  these  units  stem  from  their  mature  technology, 
good  thermal  efficiency,  and  potential  for  fuel  flexibility.  The 
units  can  be  built  at  a  cost  of  roughly  $1,600  per  kilowatt 
(1986$).  Their  disadvantages  center  on  the  long  lead-times, 
heavy  field  construction  requirements,  and  required  environ- 
mental controls  including  scrubbers.  Also,  given  Massachu- 
setts' acid  rain  law  requiring  compliance  with  a  cap  on  acid 
emissions,  the  environmental  controls  required  are  likely  to  be 
very  extensive. 

•  Fluidized  Bed  Combustion.  This  system  of  coal  burning  util- 
izes a  bed  of  small  inert  red-hot  particles  of  sand  or  ceramic 
pellets  which  are  suspended  by  blowing  large  volumes  of 
combustion  gases  through  them.  The  fuel  is  fed  in  small  par- 
ticles into  the  bed.  Limestone  can  also  be  added  to  react  with 
the  sulfur  while  it  remains  in  the  bed,  thereby  eliminating  the 
need  for  scrubbers.  Other  advantages  of  such  a  system  in- 
clude multiple  fuel  capability,  lower  nitrogen  oxide  emissions, 
higher  operating  efficiency  than  a  conventional  coal  plant  with 
scrubbers,  and  the  fact  that  such  systems  are  easier  to  add  to 
the  supply  mix  in  smaller  increments.  The  primary  disadvan- 
tages with  the  units  are  their  higher  construction  cost  of  about 
$1,750  per  kilowatt  (1986$)  and  the  need  for  additional  prac- 
tical experience  with  utility-sized  boilers.  Units  of  100 
megawatts  in  size  are  just  now  under  construction.  Lead  times 
of  about  five  to  seven  years  are  estimated  to  be  required. 

•  Conventional  Gas  Turbine.  Short  lead-times  and  low  capital 
costs  of  $360  per  kilowatt  (1986$)  are  the  primary  advantages 
associated  with  conventional  gas  turbines.  The  units  operate 
much  like  a  jet  engine  and  can  burn  either  Number  2  oil  or 
natural  gas.  They  have  low  operating  efficiency  and  high  fuel 
costs.  Because  of  their  low  environmental  emissions  and  fac- 
tory construction,  a  100  megawatt  gas  turbine  has  a  projected 
lead  time  of  about  three  to  five  years  including  siting.  For  this 
reason,  conventional  gas  turbines  are  often  used  by  utilities  to 
meet  unexpected  contingencies. 

•  Combined  Cycle.  The  low  operating  efficiencies  of  gas  tur- 
bines can  be  markedly  improved  with  the  addition  of  a  com- 
bined cycle  or  a  secondary  boiler  that  recovers  the  waste  heat 
from  the  gas  turbine  unit  to  produce  additional  electricity 
through  an  auxiliary  turbine  generator.  The  combined  cycle 
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unit  has  a  construction  cost  of  about  $600  per  kilowatt  (1986$) 
and  a  lead-time  of  about  five  to  seven  years.  The  combined 
cycle  unit  is  modular  and  can  be  started  with  a  conventional 
gas  turbine  and  later  converted  to  combined  cycle  with  the 
addition  of  a  waste  heat  boiler  and  conventional  steam  turbine. 
This  type  of  addition  requires  a  lead-time  of  about  three  years. 
The  potential  for  modular  development  makes  this  system  very 
flexible  from  a  planning  perspective.  The  Ocean  State  project 
consists  of  two  combined  cycle  units. 

Integrated  Gasification/Combined  Cycle  (IGCC).  Uncertain- 
ties about  load  growth,  capital  constraints,  and  low  prices  for 
oil  and  gas  have  led  utilities  to  focus  on  the  combustion  tur- 
bine and  combined  cycle  modular  approach  to  capacity  ad- 
ditions. As  the  prices  for  these  fuels  increase,  and  the  need 
for  base  load  plants  intensifies,  another  module  can  be  added 
to  a  combined  cycle  plant  which  converts  coal  into  a  combust- 
ible gas.  An  advantage  of  IGCC  plants  is  the  potential  for 
meeting  stringent  emissions  standards  that  are  likely  to  be 
placed  on  coal  in  Massachusetts.  The  cost  of  the  gasification 
combined  cycle  unit  is  about  $1,600  per  kilowatt  (1986$),  about 
equal  to  a  traditional  pulverized  coal  plant  with  scrubbers.  The 
practical  utility  experience  with  gasification  systems  is  limited; 
however,  extensive  research  into  commercial  applications  is 
now  under  way  under  the  auspices  of  several  groups,  includ- 
ing the  Electric  Power  Research  Institute  (EPRI).  (EPRI  is  a 
utility-funded  research  and  development  organization.)  The 
modular  construction  and  fuel  diversity  of  these  systems  cre- 
ate a  uniquely  flexible  generating  option  for  utilties.  The  lead 
time  for  these  additions  is  about  six  to  eight  years. 

Regulatory  Context:  In  the  last  year  the  Massachusetts  DPU 
has  opened  a  proceeding  on  the  rate  treatment  to  be  given  to  fu- 
ture utility  investments  in  generating  capacity.  This  case  grew  out 
of  the  recently  completed  proceeding  revising  Massachusetts' 
regulations  for  purchasing  small  power  and  cogeneration  under 
the  federal  PURPA  law.  As  a  result  of  the  methodology  set  forth 
there,  changes  in  the  utility  industry  in  recent  years,  and  general 
concerns  raised  by  the  utilities,  the  Department  thought  it  ap- 
propriate and  necessary  to  open  an  investigation  into  how  recov- 
ery of  future  utility  investments  in  generation  ought  to  be  set.  This 
proceeding  has  recently  been  expanded  to  address  the  overall 
supply  planning  process,  with  the  focus  on  least-cost  integrated 
planning  and  the  treatment  to  be  given  utility  investment  in  con- 
servation. Several  of  Massachusetts'  utilities,  as  well  as  EOER, 
are  actively  participating  in  this  proceeding.  Some  new  and  in- 
novative proposals  have  been  put  forward  and  are  being  actively 
considered  that  would  change  how  utility  investment  has  tradi- 
tionally been  treated.  A  decision  in  this  case  is  expected  in  the 
near  future.  With  the  completion  of  this  proceeding,  uncertainties 
that  have  faced  utilities  with  respect  to  cost  recovery  should  be 
resolved,  removing  a  perceived  barrier  not  only  to  new  plant  con- 
struction, but  also  to  utility  investment  in  conservation. 

Environmental  Considerations:  A  major  disadvantage  of  new 
generating  capacity  is  the  negative  impact  it  may  have  on  the  en- 
vironment. In  September  1985,  the  Massachusetts  Legislature 
enacted  an  acid  rain  law  that  set  a  cap  on  acid  emissions.  As 
Massachusetts'  emission  levels  already  exceeded  the  cap,  the 
Department  of  Environmental  Quality  Engineering  was  required 


to  determine  how  to  reduce  emissions  to  a  level  below  the  cap, 
and  then  set  trigger  levels  for  action  to  be  taken  to  prevent  emis- 
sions from  reaching  the  cap  level  again.  As  of  the  end  of  1987,  in 
the  likely  absence  of  federal  legislation,  emitters  with  boilers  over 
100  mmBTU  will  have  to  limit  emissions  to  a  rate  not  greater  than 
1.2  pounds  of  sulfur  dioxide  per  mmBTU  by  1995.  The  electric 
utility  industry  is  a  major  contributor  to  these  emissions  and  one 
which  will  be  closely  regulated  as  a  result.  Compliance  with  the 
cap  on  emissions  will  require  utilities  to  reduce  emission  levels 
at  existing  generating  plants  within  the  next  10  years,  and  may 
severely  constrain  the  utilities'  choice  of  new  generation  options. 
In  addition  to  acid  emission  controls,  which  primarily  affect  coal 
and  oil  burning  plants,  new  requirements  with  respect  to  nitrogen 
oxides,  a  pollutant  released  from  burning  gas,  are  likely  to  result 
in  the  need  for  expensive  environmental  controls  on  gas-fired 
plants.  Combustion  of  any  fossil  fuel  also  results  in  release  of 
carbon  dioxide  into  the  atmosphere,  and  some  scientists  and  en- 
vironmentalists contend  that  this  is  a  major  contributor  to  what 
they  view  as  the  problem  of  gradual  global  warming  known  as  the 
"greenhouse  effect".  While  no  electricity  resource  is  completely 
environmentally  benign,  these  considerations  will  affect  the 
amount  of  new  generation  likely  to  be  built  to  meet  future  elec- 
tricity needs. 


Oil 


Overview 

Oil  is  the  predominant  form  of  energy  consumed  in  Massachu- 
setts at  present  and  is  expected  to  continue  in  this  role  for  the 
foreseeable  future.  The  oil  supply  situation  in  Massachusetts 
generally  mirrors  broader  trends  in  the  world  oil  market,  although 
local  developments  and  the  status  of  local  inventories  can  also 
take  on  significance,  particularly  during  extended  winter 
cold-snaps. 

While  recent  low  oil  prices  have  been  a  boon  for  energy  con- 
sumers in  Massachusetts  and  elsewhere,  resulting  trends  in 
terms  of  increasing  oil  import  levels  and  lower  domestic  produc- 
tion are  of  considerable  concern.  Specifically,  U.S.  oil  production 
dropped  by  three  percent  in  1986,  while  oil  imports  rose  by  about 
1.2  million  barrels  per  day,  or  27  percent. 

These  supply  trends  are  expected  to  continue.  According  to  the 
U.S.  Department  of  Energy's  latest  projections,  U.S.  crude  produc- 
tion is  expected  to  fall  by  two  to  four  million  barrels  per  day  from 
current  levels  by  the  year  2000.  The  reasons  for  this  decline  in- 
clude a  sharp  drop  in  domestic  exploration  and  drilling  activities 
(these  have  recovered  somewhat  recently  but  remain  low  by 
previous  standards);  the  relatively  low  probability  of  large  new 
discoveries  in  the  U.S.;  the  high  cost  of  U.S.  production  and  the 
consequent  shutting-in  of  some  wells;  and  the  high  degree  of  un- 
certainty over  future  oil  price  levels.  These  trends  imply  that  if  its 
oil  consumption  remains  level,  Massachusetts  will  become  more 
dependent  on  imported  oil  in  the  future.  Most  of  these  incremen- 
tal imports  are  expected  to  come  from  Middle  Eastern  OPEC 
nations. 
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Massachusetts'  Supplies 

Crude  oil  is  not  shipped  directly  to  Massachusetts,  since  there 
are  no  refineries  in  the  Commonwealth.  Rather,  refined  petroleum 
products  such  as  gasoline  and  heating  oil  are  produced  else- 
where and  brought  into  the  state  via  tanker  or  pipeline.  Boston 
Harbor  serves  as  the  main  terminus  for  ships  supplying  eastern 
Massachusetts  and  much  of  eastern  New  England,  although 
smaller  terminals  are  located  in  such  ports  as  Quincy,  Salem, 
Portsmouth  and  Providence.  Central  Massachusetts  is  served  by 
an  oil  products  pipeline  stretching  from  New  Haven  to  Springfield, 
while  western  Massachusetts  receives  much  of  its  oil  supplies 
from  facilities  in  the  Albany,  N.Y.  area.  Oil  products  are  then 
transported  primarily  by  truck  from  these  terminals  to  consumers 
and  retail  outlets,  where  they  are  held  as  inventories. 

Figure  50  illustrates  the  cyclical  nature  of  heating  oil  invento- 
ries in  New  England  over  the  course  of  the  past  several  years. 
With  the  exception  of  1986,  heating  oil  inventories  have  tended 
to  decline  from  year  to  year,  reflecting  reduced  demand  due  to 
conservation  and  fuel  switching,  a  desire  among  oil  companies 
to  maintain  maximum  supply  flexibility  and  a  reluctance  to  main- 
tain high  inventory  levels  during  periods  of  high  price  instability. 
High  inventories  within  the  state  would  tend  to  mute  temporary 
price  spikes  brought  on  by  winter  cold-spells,  but  also  have  atten- 
dant carrying  costs. 


Massachusetts  obtains  its  petroleum  products  primarily  from 
refineries  in  the  Southwest,  Mid-Atlantic  and  abroad.  A  new 
source  of  supply  now  in  operation  is  the  100,000  barrels  per  day 
Come-by-Chance  refinery  in  Newfoundland,  Canada.  Owned  and 
operated  by  Cumberland  Farms,  the  refinery  has  begun  to  sup- 
ply Massachusetts  and  other  parts  of  the  Northeast  market  with 
refined  products  derived  primarily  from  OPEC  crude. 

Although  the  exact  level  of  imported  oil  consumed  as  a  percen- 
tage of  total  consumption  is  not  recorded  on  a  state-by-state  ba- 
sis, estimates  for  Massachusetts'  import  use  can  be  made  from 
regional  figures.  As  shown  in  Tables  92  and  93,  changes  in  the 
Commonwealth's  dependency  on  imports  have  tended  to  mimic 
broad  national  trends,  with  an  estimated  import  dependence  of 
over  100  million  barrels,  or  71  percent  of  total  consumption  in 
1986,  up  from  65  percent  of  total  consumption  in  1983.  This  is 
more  than  twice  the  national  level  of  import  dependency  in  1986 
of  33.4  percent.  Consumption  of  direct  imports  from  the  Arab 
OPEC  nations  and  OPEC  as  a  whole  also  rose  in  Massachusetts 
between  1983  and  1986.  Inclusion  of  indirect  imports  from  those 
nations  would  substantially  increase  the  figures  given  for  Arab 
OPEC  and  OPEC  direct  imports  in  Table  92. 

Massachusetts'  oil  import  dependency  is  expected  to  continue 
to  rise  in  the  future  given  an  anticipated  decline  in  U.S.  oil  pro- 
duction. Consequently,  international  oil  supply  developments  are 
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Table  92 

Estimated  Total  Oil  Imports  into  Massachusetts 
1983  and  1986 


1983  1986 

(Thousand  Barrels) 


Percent  Change 

(1983-1986) 


Gasoline 
Distillate 
Residual 
Jet  Fuel 
Other 

TOTAL 


26,529 

17,176 

30,387 

3,305 

9,010 

86,407 


33,807 

22,082 

38,322 

4,387 

3,156 

101,754 


+  27% 
+  29% 
+  26% 
+  33% 
-  65% 

+  1 8% 


Sources:  Calculated  from  regional  data  in  Petroleum  Supply  Annual,  1983 
and  1986;  and  Sfafe  Energy  Data  Report:  Consumption 
Estimates,  April  1987 

U.S.  and  World  Supply  Overview 

In  order  to  place  the  status  and  outlook  for  the  Massachusetts 
and  U.S.  petroleum  supplies  in  proper  perspective,  it  is  necessary 
to  examine  these  in  the  context  of  the  world  oil  market,  and 
OPEC  supplies  in  particular.  As  shown  in  Table  94,  total  non- 
communist  world  crude  oil  production  averaged  38.7  million  bar- 
rels per  day  in  1985,  of  which  41  percent  were  produced  by  the 
13  OPEC  nations.  U.S.  crude  production  that  year  averaged  nine 
million  barrels  per  day  (total  domestic  petroleum  production,  in- 
cluding natural  gas  liquids,  was  10.6  million  barrels  per  day),  com- 
pared to  a  consumption  level  of  15.7  million  barrels  per  day.  U.S. 
proved  reserves  at  year-end  1985  were  estimated  at  28  billion  bar- 


levels.  Thus,  the  U.S.  consumes  about  one-third  of  the  free 
world's  oil  production  annually,  but  its  reserves  are  less  than  five 
percent  of  the  free  world  total.  In  contrast,  Middle  East  OPEC 
countries  account  for  63  percent  of  the  free  world's  proven  oil 
reserves. 

To  illustrate  further  the  gap  between  potential  U.S.  and  OPEC 
production  capabilities,  one  can  examine  relative  production  rates 
and  costs.  As  shown  in  Table  95,  the  average  production  and  ex- 
ploration costs  for  domestic  crude  are  several  times  higher  than 
in  the  Middle  East.  Further,  the  size  of  reserves  per  producing 
well  are  almost  3000  times  greater  in  the  Middle  East  than  in  the 
U.S.  U.S.  oil  wells,  which  constitute  over  85  percent  of  all  the 
operating  wells  in  the  non-communist  world,  produce  an  average 
of  just  14  barrels  per  day  per  well.  Further,  approximately  70  per- 
cent of  the  U.S.  wells  are  stripper  wells,  which  produce  an  aver- 
age of  just  three  barrels  per  day.  In  contrast,  the  3,000  wells  of 
the  Middle  Eastern  OPEC  nations  each  average  about  3,100  bar- 
rels per  day. 

Table  94 

U.S.  Position  in  the  World  Oil  Market 


Total  Non- 

U.S. 

Middle 

Communist 

Percent 

U.S. 

East 

World 

of  Total 

Crude  Oil  Reserves- 

12/31/85 

28.0 

398.0 

619.0 

4.5 

(Billion  Barrels) 

1985  Crude  Oil 

Production 

9.0 

10.2 

38.7 

23.0 

(Million  Barrels/Day) 

1985  Oil  Consumption1 

15.7 

2.5 

46.4 

34.0 

(Million  Barrels/Day) 

i  likely  to  take  on  a  growing  importance  in  the  Massachusetts            1.  Includes  natural  gas  liquids,  refinery  gain,  inventory  charge,  tar  sands, 
market  in  the  future.                                                                                      shale  a™*  synthetic  fuels. 

Source:  National  Petroleum  Council,  Factors  Affecting  U.S.  Oil  and  Gas 
Outlook,  February  1987 

Table  93 

Massachusetts 

Estimated  Dependence  on  Imported  Oil 

(Percent  of  Massachusetts'  Total  Oil  Consumption) 

Total  Imports                                                     Total  OPEC' 

Total  Arab  OPEC1 

1983                                1986                                1983                                1986 

1983 

1986 

Gasoline                            53.2                              61.7                               21.4                              24.0 

■ 

8.1 

7.5 

Distillate                                54.9                                66.8                                  22.2                                 26.3 

8.0 

10.1 

Residual                              87.3                               90.02                               26.8                                23.5 

7.4 

10.4 

Jet  Fuel                               47.3                               62.8                                 19.6                                27.1 

7.7 

11.0 

Other                                    98.8                                46.6                                  39.9                                  17.1 

16.1 

5.5 

TOTAL                                   65.4                                70.5                                  24.2                                 25.7 

8.4 

,     9.8 

1.  Direct  imports  only.  Actual  numbers  are  higher  since  some  OPEC  and  Arab  OPEC  crude  is  refined  in  non-OPEC  nations  and 

2.  Estimate 

re-exported  to  the  U.S. 

Sources:  Calculated  from  regional  data  in  Petroleum  Supply  Annual,  1983  and  1986;  and  Sfafe  Energy  Data  Report:  Consumptior 

Estimates,  April  1987. 
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Table  95 

U.S.  and  Middle  East  OPEC 
Oil  Production  Statistics 


U.S. 


Middle  East 
OPEC  Nations 


Number  of  Producing  Wells 

650,000 

3,000 

Average  Daily  Production 

14 

3,100 

(Barrels  Per  Well) 

Ratio  of  Reserves 

44,000 

131  million 

Per  Producing  Well 

(Barrels) 

Average  Lifting  Cost1 

$  7.04 

Less  than  $1.00 

($/Barrel) 

Estimated  Finding  Cost2 

$10.55 

Less  than  $1 .00 

($/Barrel) 

1.  Lifting  cost  is  the  cost  of  production  from  an  existing  well. 

2.  Finding  cost  is  the  cost  of  exploration  divided  by  the  volume  of 
additional  reserves  discovered. 

Source:  National  Petroleum  Council,  Factors  Affecting  U.S.  Oil  and  Gas 
Outlook,  February  1987 


Recent  Developments  in  OPEC 

OPEC  production  in  1985  was  down  almost  50  percent  from 
the  31  million  barrels  per  day  produced  in  1979.  In  a  series  of 
steps  taken  over  that  period,  OPEC  reduced  its  output  in  order 
to  maintain  high  price  levels  and  keep  world  supply  and  demand 
in  balance.  This  displaced  OPEC  production  was  being  replaced 
by  conservation,  substitute  energy  sources,  and  non-OPEC  oil 
production,  all  stimulated  by  high  prices. 

These  trends  were  dramatically  reversed  in  early  1986  when 
some  OPEC  members,  led  by  Saudi  Arabia,  decided  to  pursue 
a  "price  war"  strategy  wherein  they  increased  production,  flood- 
ing the  market  with  crude.  The  goal  of  this  strategy  was  to  regain 
lost  market  share  by  driving  high-cost  producers  out  of  business. 
As  crude  prices  began  to  sink,  some  producers  responded  by  in- 
creasing production  in  an  attempt  to  maintain  cash  flow,  thereby 
accelerating  the  price  decline.  The  spot  price  for  crude  fell  from 
$28  per  barrel  in  January  1986  to  less  than  $10  per  barrel  by  mid- 
summer, a  level  low  enough  to  cause  OPEC  members  to  have  se- 
cond thoughts  about  their  strategy. 

In  August  1986  an  agreement  was  reached  by  OPEC  to  cut  its 
production,  returning  its  members,  with  the  exception  of  Iraq,  to 
1984  production  limits.  As  a  result,  crude  oil  prices  rose  about  $5 
per  barrel.  The  agreement  was  later  modified  slightly  and  ex- 
tended through  December  1987. 

After  adhering  fairly  strictly  for  several  months  to  the  individual 
production  quotas  set  under  the  agreement,  OPEC  production 
discipline  began  to  break  down  in  the  summer  of  1987  as  world 
oil  prices  increased  and  the  demand  for  OPEC  crude  rose.  Ten- 


sions in  the  Persian  Gulf  in  recent  months  have  exacerbated 
price  instability  and  thus  far  prevented  OPEC  overproduction  from 
seriously  weakening  price  levels,  which  currently  are  hovering  in 
the  $18-$20  per  barrel  range. 

The  current  price  of  oil  appears  to  be  low  enough  to  discourage 
domestic  exploration  and  to  drive  some  high  cost  producers,  prin- 
cipally in  the  U.S.  and  North  Sea,  out  of  business  while 
stimulating  worldwide  demand.  At  the  same  time,  the  price  is 
high  enough  to  be  quite  profitable  for  most  OPEC  producers.  As 
a  result  of  lower  oil  prices  and  some  semblance  of  production  | 
discipline,  OPEC's  market  power  now  appears  to  be  on  the  up 
swing.  Of  the  one  million  barrels  per  day  increase  in  U.S.  imports  ; 
in  1986,  about  half  was  accounted  for  by  purchases  from  Saudi 
Arabia.  The  great  bulk  of  future  incremental  additions  to  U.S.  oil 
imports  are  expected  to  come  from  the  Persian  Gulf  and  North 
Africa. 

Implications  for  Massachusetts'  Energy  Security 

Massachusetts  is  highly  dependent  on  imported  oil.  While  the 
state's  demand  for  oil  is  projected  to  decrease  over  the  next  de- 
cade, the  share  of  imported  oil  as  a  percentage  of  total  oil  con- 
sumed is  expected  to  rise.  Thus,  developments  in  the  world  oil 
market  will  continue  to  have  important  implications  for  the  Com- 
monwealth's energy  security,  and  for  the  continued  prosperity  of 
the  state's  economy  and  the  welfare  of  its  population. 

With  an  unstable  political  and  military  situation  in  the  Middle 
East  and  worldwide  excess  crude  production  capacity  of  11  mil- 
lion barrels  per  day  (almost  all  of  which  is  in  OPEC),  it  is  not  pos- 
sible  to  predict  oil  prices  and  the  oil  supply  situation  with  a  high 
degree  of  certainty.  Crude  supplies  remain  subject  to  political 
manipulation,  a  situation  which  will  only  be  exacerbated  as  OPEC 
increases  its  worldwide  market  share  over  time.  Moreover,  de- 
velopments in  the  Iran-Iraq  War  could  significantly  affect  the  oil 
supply  situation  at  any  time. 

The  potential  for  increased  U.S.  vulnerability  to  supply  disrup- 
tions as  a  result  of  rising  imports  and  declining  domestic  produc- 
tion has  been  widely  discussed  in  recent  months.  A  variety  of 
remedies  have  been  proposed,  including  such  measures  as  an  [ 
oil  import  fee,  tax  incentives  for  domestic  exploration  and  drilling, 
increased  federal  spending  for  oil  and  gas  related  research  and 
development,  and  increasing  the  size  of  the  Strategic  Petroleum 
Reserve. 

Such  measures  could,  to  a  greater  or  lesser  extent,  assist  in 
the  more  rapid  and/or  more  extensive  tapping  of  U.S.  oil 
resources.  New  domestic  supplies,  however,  will  likely  be  increas- 
ingly expensive  to  exploit,  barring  major  technological  break- 
throughs. In  the  long  run,  it  will  be  difficult  to  counteract  the  trend 
toward  rising  import  dependency  given  the  vast,  low  cost  oil 
reserves  in  the  Middle  East,  unless  low  cost  oil  substitutes  and 
conservation  measures  are  pursued  with  vigor  and  success. 
Massachusetts,  with  little  direct  control  over  the  supply  of  oil  it 
consumes,  can  best  reduce  its  vulnerability  to  potential  supply 
disruptions  by  continuing  to  encourage  conservation  and  supp- 
ly diversification  within  the  Commonwealth  as  well  as  supporting 
appropriate  legislation  at  the  national  level. 
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Natural  Gas 

The  Massachusetts  Gas  Companies 

The  Commonwealth  is  served  by  14  gas  utilities,  consisting  of 
10  investor-owned  firms  and  four  municipally  owned  firms.  (See 
Figure  51:  Map  of  Gas  Utility  Company  Service  Territories.) 

The  10  investor-owned  gas  utilities  are  as  follows: 

Bay  State  Gas  currently  serves  a  total  of  56  communities  in 
Massachusetts  in  three  non-contiguous  service  territories  in  the 
Lawrence,  Springfield  and  Brockton  regions  and  has  recently 
received  permission  to  expand  service  to  the  towns  of  Monson, 
IPalmer,  Southwick,  and  a  portion  of  Mendon.  Through  a  subsidi- 
lary,  Northern  Utilities,  it  also  serves  portions  of  New  Hampshire 
and  Maine.  Bay  State  is  co-sponsor  of  the  Portland  Pipeline 
project  (discussed  later  in  this  section)  and  is  also  active  in  the 
wholesale  of  gas  to  other  utilities  and  retail  sales  of  propane  and 
energy  conservation  products. 

Berkshire  Gas  serves  19  towns  in  two  sections  of  central  and 
western  Massachusetts  with  pipeline  gas.  In  addition,  through  its 
propane  division  Berkshire  provides  retail  propane  service  to  40 
largely  rural  towns  in  western  Massachusetts. 

Blackstone  Gas,  the  smallest  gas  utility  in  the  Commonwealth, 
serves  a  total  of  580  customers  in  the  town  of  Blackstone  and  the 
southern  portion  of  Bellingham. 

Boston  Gas,  a  subsidiary  of  Eastern  Gas  and  Fuel  Associates, 
is  New  England's  oldest  and  largest  gas  distribution  company.  It 
currently  serves  nearly  500,000  customers  in  Boston  and  73 
neighboring  towns,  or  about  42  percent  of  all  of  the  gas  con- 
sumers in  Massachusetts.  Massachusetts  LNG,  Inc.  is  a  Boston 
Gas  subsidiary  that  owns  and  operates  two  LNG  (liquefied  natural 
gas)  facilities  for  Boston  Gas. 

Colonial  Gas  serves  a  total  of  23  towns  and  cities  in  the 
greater  Lowell  region  and  on  Cape  Cod.  Colonial  is  currently 
seeking  to  establish  a  subsidiary  to  invest  in  natural  gas-fired 
cogeneration  projects.  Also,  through  an  existing  subsidiary  it  is 
engaged  in  the  trucking  of  LNG  and  propane. 

Commonwealth  Gas,  a  subsidiary  of  Commonwealth  Energy 
System,  currently  serves  a  total  of  49  communities,  including 
Cambridge,  Framingham,  Plymouth,  New  Bedford,  Worcestor  and 
surrounding  towns.  It  has  indicated  plans  to  expand  service  to 
four  adjacent  towns  not  currently  served  by  pipeline  gas.  Hop- 
kinton  LNG,  also  a  subsidiary  of  Commonwealth  Energy  System, 
operates  LNG  facilities  for  Commonwealth  Gas. 

Essex  County  Gas  is  a  medium-sized  gas  distribution  com- 
pany serving  17  cities  and  towns  in  northeastern  Massachusetts. 

Fall  River  Gas  is  another  medium-sized  gas  utility.  It  serves 
labout  40,000  customers  in  Fall  River  and  three  nearby  towns. 

Fitchburg  Gas  and  Electric  serves  about  15,000  gas  cus- 
tomers in  six  towns  in  north-central  Massachusetts. 


North  Attleboro  Gas,  a  subsidiary  of  Providence  Energy,  is  a 
small  gas  utility  serving  the  towns  of  North  Attleboro  and 
Plainville. 

The  four  towns  currently  served  by  municipal  gas  utilities  are 
Holyoke,  Middleborough,  Wakefield  and  Westfield.  Each  of  these 
municipal  utilities  is  relatively  small,  Holyoke  Gas  and  Electric  be- 
ing the  largest  with  almost  11,000  customers.  This  utility  is  cur- 
rently expanding  its  service  into  the  adjacent  town  of 
Southampton. 

Tables  96  and  97  provide  an  overview  of  gas  sales  and  the 
number  of  gas  customers  in  Massachusetts  in  1986,  according  to 
gas  company  and  type  of  customer.  Residential  customers  in 
1986  comprised  some  92  percent  of  all  gas  customers  in  Massa- 
chusetts, although  they  accounted  for  just  a  little  over  one-half  of 
all  the  gas  consumed  in  the  Commonwealth  last  year.  Commer- 
cial and  industrial  firms  made  up  7.6  percent  and  0.2  percent 
respectively  of  the  total  number  of  gas  customers  in  Massachu- 
setts in  1986  and  accounted  for  28  and  20  percent  respectively 
of  the  gas  consumed  in  that  year. 

Each  of  the  14  gas  utilities  in  Massachusetts  is  unique  in  its 
rate  structure  and  variety  of  rates  offered.  Rates,  expansion  plans 
and  other  activities  are  regulated  by  the  Massachusetts  Depart- 
ment of  Public  Utilities  and/or  the  Energy  Facilities  Siting  Council. 

Current  Regional  Supply  Situation 

There  are  three  types  of  supply  currently  available  to  gas  util- 
ities in  Massachusetts  in  order  to  meet  the  consumption  needs 
of  their  existing  1.15  million  customers.  These  are  pipeline  gas, 
liquefied  natural  gas  (LNG)  and  propane.  Gas  transported  to 
Massachusetts  from  the  Southwest  U.S.  and  Canada  via  inter- 
state pipeline  is  the  primary  year-round  supply  source  for  most  of 
the  Commonwealth.  In  the  winter  heating  season,  however,  pipe- 
line supplies  are  often  not  sufficient  to  meet  firm  customers'  re- 
quirements. During  such  periods,  more  expensive  LNG  and  pro- 
pane are  used  by  gas  utilities  to  supplement  their  pipeline 
supplies.  Each  of  these  types  of  supply  is  briefly  discussed  below. 

Pipeline  gas:  The  Commonwealth  is  currently  served  by  two 
interstate  pipelines:  Algonquin  Gas  Transmission  Co.,  a  subsidi- 
ary of  Texas  Eastern  Transmission  Co.,  and  Tennessee  Gas  Pipe- 
line Co.,  a  subsidiary  of  Tenneco.  Algonquin  and  Tennessee  each 
serve  a  subset  of  the  14  gas  utilities  in  Massachusetts,  as  well  as 
numerous  gas  utilities  in  other  states,  transporting  gas  mainly 
from  producing  fields  in  the  southwestern  U.S.  Recently,  some 
gas  from  western  Canada  has  also  begun  to  appear  in  the  Com- 
monwealth, imported  through  the  Tennessee/TransCanada  Pipe- 
line interchange  at  Niagara  Falls. 

The  more  populous  parts  of  Massachusetts  are  all  served  by 
pipeline  gas.  Less  populous  or  remote  sections  of  Cape  Cod  and 
central  and  western  Massachusetts,  however,  are  not  presently 
economic  to  serve  by  pipeline  gas  and  are  thus  constrained  to 
rely  on  propane  for  gas  service. 

The  Tennessee  and  Algonquin  pipelines  have  expanded  their 
capacity  in  recent  years  to  meet  growing  demand  brought  about 
mainly  by  new  customers.  In  addition  to  increasing  year-round 
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Table  96 

Massachusetts 

Gas  Utility  Sales  by  Firm  and  Sector 

1986' 

(Millions  of  Cubic  Feet) 


Total 


Residential 


Commercial 


Industrial 


Other 


Bay  State  Gas 

Berkshire  Gas 

Blackstone  Gas 

Boston  Gas 

Colonial  Gas 

Commonwealth  Gas 

Essex  County  Gas 

Fall  River  Gas 

Fitchburg  Gas 
&  Electric 

Holyoke  Gas 
&  Electric 

Middleboro  Gas 
&  Electric 

North  Attleboro  Gas 

Wakefield 
Municipal  Light 

Westfield  Gas 
&  Electric 

TOTAL 


1.  Excludes  sales  for  resale. 

Sources:  1986  gas  utility  annual  reports 


38,686.6 

18,320.5 

10,266.3 

10,100.0 

0 

5,089.1 

2,328.0 

1,540.5 

1,220.6 

0 

45.4 

34.5 

8.6 

0 

2.2 

74,217.3 

37,411.7 

22,141.7 

14,603.1 

60.8 

16,182.0 

9,123.4 

6,167.6 

890.9 

0 

37,088.5 

19,659.8 

8,970.7 

7,631.9 

826.1 

4,498.7 

2,631.7 

1,568.6 

298.4 

0 

5,917.9 

3,560.8 

590.8 

1,558.6 

207.6 

2,218.6 

1,388.8 

458.1 

371.8 

0 

1,797.5 

674.5 

666.9 

90.4 

365.8 

322.3 

134.8 

88.3 

72.3 

27.0 

223.0 

130.1 

77.5 

15.3 

0 

362.1 

336.7 

20.2 

0 

5.2 

953.4 

478.3 

404.7 

45.6 

24.9 

87,602.6 

96,213.6 

52,970.4 

36,899.0 

1,519.6 

pipeline  supplies,  winter-service  supplies  have  also  been  up- 
graded. The  latter  consist  of  pipeline  gas  transported  during  the 
heating  season  from  large  underground  storage  facilities  located 
in  Pennsylvania  and  New  York.  Despite  this  increase  in  pipeline 
capacity,  however,  there  appears  to  be  a  continued  demand  in 
the  region  for  further  expansion  of  pipeline  capacity  to  meet  the 
needs  of  new  and  existing  customers,  particularly  in  the  electric 
power  generation  sector. 

Unlike  the  Massachusetts  gas  utilities,  which  are  regulated  by 
the  Commonwealth's  DPU,  interstate  pipelines  are  regulated  by 
the  Federal  Energy  Regulatory  Commission  (FERC),  a  unit  of  the 
U.S.  Department  of  Energy.  FERC  approves  the  rates  that  pipe- 
lines charge  and  the  conditions  under  which  they  sell  or  trans- 
port natural  gas.  It  is  also  the  federal  agency  charged  with  ap- 
proving proposals  to  expand  existing  pipelines  and/or  to  build 
new  pipelines. 

Supplemental  Fuel  Supplies:  There  are  substantial  seasonal 
variations  in  gas  demand  across  the  region.  Throughout  most  of 
the  year,  the  capacity  of  the  two  pipelines  serving  Massachusetts 
is  more  than  sufficient  to  meet  existing  customer  needs.  In  the 


winter  heating  season,  however,  pipeline  capacity  is  generally  in- 
adequate to  meet  the  needs  of  firm  customers  and  large  quan- 
tities of  LNG  and  propane  are  required  to  supplement  pipeline 
supplies.  A  brief  overview  of  the  supply  situation  for  these  two 
types  of  supplemental  fuels  is  presented  below. 

LNG:  LNG  is  the  primary  supplemental  fuel  used  by  gas  util- 
ities in  Massachusetts  to  meet  demand  in  excess  of  pipeline  ca- 
pacity during  the  heating  season.  Generally,  LNG  is  produced  by 
the  utilities  from  pipeline  gas  through  a  process  of  liquefaction 
during  the  summer  and  stored  in  large  tanks  located  throughout 
the  Commonwealth.  The  LNG  is  then  vaporized  and  reinjected 
into  the  distribution  network  as  needed. 

In  addition,  a  number  of  New  England  gas  companies,  includ- 
ing several  in  Massachusetts,  have  used  LNG  imported  by  Dis- 
trigas  Inc.  This  LNG  has  generally  originated  in  Algeria,  from 
where  it  has  been  delivered  by  tanker  to  the  Distrigas  storage  fa- 
cility in  Everett,  Massachusetts.  Last  winter,  a  single  shipload  of 
LNG  from  Indonesia  was  delivered  to  the  facility.  Distrigas,  which 
had  filed  for  bankruptcy,  recently  resolved  a  serious  contractual 
dispute  with  its  Algerian  supplier  and  intends  to  remain  a  viable 
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Table  97 

Massachusetts 

Gas  Customers  by  Firm  and  Sector 

1986' 


Total 


Residential 


Commercial 


Industrial 


Other 


Bay  State  Gas 

Berkshire  Gas 

Blackstone  Gas 

Boston  Gas 

Colonial  Gas 

Commonwealth  Gas 

Essex  County  Gas 

Fall  River  Gas 

Fitchburg  Gas 
&  Electric 

Holyoke  Gas 
&  Electric 

Middleboro  Gas 
&  Electric 

North  Attleboro  Gas 

Wakefield 
Municipal  Light 

Westfield  Gas 
&  Electric 

TOTAL 


207,842 

27,501 

580 

486,432 

100,486 

208,067 

32,294 

40,037 

15,400 

10,680 

2,337 
2,618 

4,877 

6,428 
1,145,579 


189,589 

24,529 

549 

451,167 
91,274 

191,727 
29,294 
37,441 

14,228 

9,714 

2,052 
2,290 

4,727 

5,767 
1,054,348 


17,425 

2,904 

28 

34,867 
9,189 

14,445 
2,989 
2,438 

1,074 

886 

243 
286 

149 

625 

87,548 


828 

0 

68 

0 

0 

i 
3 

395 

3 

23 

0 

895 

,000 

11 

0 

138 

20 

98 


10 
42 


14 
2,632 


75 

32 
0 

1 


22 

1,051 


1.  Excludes  sales  for  resale. 

Sources:  1986  gas  utility  annual  reports 


supplier  of  imported  LNG  for  the  region.  The  firm  announced  in 
November  1987  that  it  has  reached  a  tentative  agreement  with  its 
Algerian  supplier  for  the  delivery  of  10  shipments  of  LNG  this 
winter  and  at  least  17  cargoes  annually  for  the  next  15  years  at 
market-responsive  prices. 

Propane:  Propane  is  a  form  of  liquefied  petroleum  gas  (LPG) 
used  commonly  in  Massachusetts  as  a  peak-shaving  fuel  during 
winter  cold  snaps  and  by  residential  and  commercial  users  in 
towns  where  pipeline  gas  is  not  available.  The  Commonwealth's 
industrial  and  transportation  sectors  also  consume  small  amounts 
of  the  fuel. 

Propane  is  a  by-product  of  natural  gas  production  and  gasoline 
refining.  The  great  bulk  of  U.S.  propane  demand  is  met  by 
domestic  sources,  with  relatively  small  quantities  of  imports  com- 
ing primarily  from  Canada  and  to  a  lesser  extent  from  Mexico, 
Saudi  Arabia  and  Venezuela.  Propane  is  transported  to  New  En- 
gland by  pipeline  and  shipped  to  three  major  bulk  terminals  and 
several  smaller  coastal  terminals  serving  the  region.  It  is  then 
shipped  to  local  markets  by  truck  or  rail. 

The  three  major  bulk  terminals  serving  the  region  are  the  Texas 
Eastern  terminal  in  Watkins  Glen,  N.Y.;  the  Petrolane  facility  in 


Providence;  and  the  Sea-3  facility  in  Newington,  N.H.  The  Texas 
Eastern  facility  receives  propane  from  the  Gulf  region  by  pipeline 
and  has  a  storage  capacity  of  1.2  million  barrels.  It  generally 
serves  western  Massachusetts  as  well  as  portions  of  upstate  New 
York,  Connecticut,  Vermont  and  New  Hampshire.  Southeastern 
Massachusetts,  as  well  as  Rhode  Island  and  eastern  Connecticut 
are  served  primarily  by  the  400,000  barrel  Petrolane  terminal, 
which  receives  both  U.S.  and  foreign  tankers.  The  Sea-3  termi- 
nal, also  with  a  400,000  barrel  capacity,  serves  eastern  Massa- 
chusetts, New  Hampshire,  Maine  and  Vermont  and  was  designed 
primarily  as  an  import  terminal. 

Propane  use  by  gas  utilities  in  Massachusetts,  and  conse- 
quently total  propane  consumption  in  the  Commonwealth,  varies 
considerably  from  year  to  year  depending  on  the  weather.  To 
cope  with  this  variation,  utilities  generally  purchase  a  firm  volume 
of  propane  with  an  option  to  purchase  a  reserved  volume  of  ad- 
ditional supplies  if  the  need  arises.  In  the  event  of  an  unusually 
long  or  severe  cold  snap,  it  may  also  become  necessary  for  them 
to  purchase  additional  propane  on  the  spot  market.  The  existing 
infrastructure  for  propane  delivery  in  New  England  is  more  than 
adequate  for  the  demands  of  a  normal  heating  season  but  could 
become  strained  during  a  prolonged  cold  spell. 
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Massachusetts  Gas  Supply  in  a  National  Context 

Gas  consumers  in  Massachusetts  and  elsewhere  in  the  U.S. 
are  currently  benefiting  from  a  so-called  "gas  bubble",  that  is,  a 
temporary  period  of  excess  supply.  The  American  Gas  Associ- 
ation estimates  that  excess  domestic  production  capability 
'equaled  3.2  trillion  cubic  feet  (TCF)  in  1986.  It  predicts  that  the 
!  bubble  will  shrink  significantly  in  1987  to  two  TCF  and  that  gas 
i  markets  will  be  in  approximate  balance  by  the  winter  of  1989/90 
and  will  continue  in  approximate  balance  afterwards.  Others  es- 
timate that  the  bubble  will  last  into  the  early  1990s.  Two  factors 
are  combining  to  reduce  excess  gas  supply  in  the  short  run: 
declining  domestic  production  capacity  stemming  from  less  ex- 
jploration  and  drilling,  the  result  of  low  oil  and  gas  prices;  and 
I  higher  gas  demand,  also  due  to  low  gas  prices. 

Although  the  U.S.  reserve  to  production  ratio  for  gas  has 
declined  to  about  12  years  of  supply,  there  remains  a  large  ad- 
ditional domestic  resource  base  that  will  gradually  become  eco- 
jnomic  to  produce  as  prices  rise.  It  is  estimated  that  the  U.S.  con- 
ventional gas  resource  base  is  equivalent  to  about  50  years  of 
i supply  at  the  current  production  rate.  In  addition,  the  resource 
I  base  for  near-term,  currently  producing  unconventional  sources 
is  estimated  to  be  two  or  three  times  the  size  of  the  conventional 
resource  base.  The  rate  at  which  these  conventional  and  uncon- 
ventional resources  are  developed  will  depend  on  the  economics 
of  gas  exploration  and  production  as  well  as  the  application  of 
new  technology.  The  Gas  Research  Institute  estimates  that  some 
535  TCF  of  these  potential  domestic  resources  can  be  discovered 
and  produced  at  a  cost  of  $3  per  million  BTUs  (in  1984  dollars), 
which  is  a  little  less  than  twice  current  wellhead  prices. 

Currently,  proven  domestic  gas  resources  equal  192  TCF  and 
annual  production  is  about  16  TCF.  While  the  ratio  of  U.S.  gas 
reserves  to  annual  production  has  fallen  to  about  12  years  of 
supply,  the  equivalent  ratio  for  Canadian  gas  is  almost  35  years. 
As  discussed  in  the  next  section,  there  is  potential  for  bringing  a 
I  substantial  volume  of  new  gas  from  Western  Canada  into  the  U.S. 
over  the  next  few  years,  with  the  Northeast  U.S.  being  a  prime 
potential  market. 


New  and  Proposed  Gas  Supply  Projects 

A  large  number  of  projects  to  supply  New  England  with  addi- 
tional quantities  of  firm  pipeline  gas  have  been  proposed  in  re- 
icent  years.  These  include  several  proposals  to  further  upgrade 
the  capacity  of  the  existing  Algonquin/Texas  Eastern  and  Tennes- 
see pipeline  systems  as  well  as  proposals  to  lay  entirely  new 
pipelines.  Table  98  provides  a  summary  of  these  new  and  pro- 
posed gas  supply  projects  as  of  October  1987. 

When  FERC  approved  the  Boundary-Phase  II  project  in  July 
(  1987,  it  dismissed  a  number  of  other  major  proposed  pipeline 
projects  of  the  Northeast,  including  the  Canadian  Gateway,  MID- 
CON  and  Northern  Border  proposals.  Simultaneously,  FERC  es- 
tablished an  "open  season"  for  applications  to  serve  the  North- 
;  east  gas  market.  In  an  effort  to  establish  a  systematic  procedure 
i  for  assessing  projects  comparatively,  FERC  has  invited  all  in- 
terested parties  to  submit  project  proposals  by  January  15,  1988. 
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Many  of  the  previously  submitted  proposals  are  likely  to  be 
resubmitted,  possibly  in  a  revised  form,  and  several  new 
proposals  may  be  submitted  as  well.  Thus,  it  is  likely  that  Table 
98  will  shortly  require  some  revision. 

Table  99  gives  a  breakdown  of  supply  by  company  for  projects 
of  particular  interest  to  Massachusetts.  These  include  two 
projects,  Boundary-Phase  II  and  the  Portland  Pipeline,  which  re- 
cently received  FERC  approval  and  will  be  delivering  moderate 
amounts  of  new  Canadian  gas  supplies  this  winter.  Other  pro- 
posed projects,  including  the  Champlain  Pipeline  and  the  NO- 
REX  Project,  would,  if  approved,  substantially  increase  shipments 
of  Canadian  gas  to  the  Commonwealth  within  the  next  few  years. 
The  projects  are  discussed  in  some  detail  below. 

Portland  Pipeline  Project:  The  Portland  Pipeline,  sponsored 
jointly  by  Bay  State  Gas  and  Shell  Canada  Ltd.,  received  FERC 
approval  in  August  1987  and  began  sales  of  gas  on  an  interrupt- 
ible  basis  in  December  1987.  Firm  deliveries  of  25  million  cubic 
feet  per  day  (MMcf/day),  with  additional  interruptible  supplies  of 
up  to  15  MMcf/day,  will  commence  in  November  1988.  A  poten- 
tial for  future  expansion  also  exists. 

The  project  involves  the  conversion  of  an  existing  oil  pipeline 
between  Montreal  and  Portland,  Maine  to  gas  service.  The  use 
of  existing  facilities  aliows  the  service  to  be  established  at  a  rela- 
tively low  cost  ($8.6  million)  and  with  minimal  impact  on  the  en- 
vironment. Approximately  80  percent  of  the  project's  gas  deliver- 
ies will  be  taken  by  Bay  State  for  its  customers  in  Massachusetts. 
The  remainder  will  be  distributed  in  New  Hampshire  and  Maine 
by  Northern  Utilities,  a  Bay  State  subsidiary. 

Shell  Canada  will  supply  the  gas  from  its  large  reserve  base  in 
Alberta.  The  price  of  the  gas  will  be  adjusted  monthly  and  will  be 
indexed  to  the  prices  of  competing  fuels  in  New  England.  Since 
the  current  cost  of  the  gas  is  just  slightly  more  than  half  of  Bay 
State's  1986  average  gas  costs,  the  project  is  expected  to  help 
reduce  retail  gas  rates  for  Bay  State  customers. 

Boundary  Gas  Project:  The  Boundary  Project  was  launched 
in  1980  by  a  consortium  of  15  gas  utilities  as  a  means  of  import- 
ing Canadian  natural  gas  into  the  Northeast.  Phase  I,  with  firm 
deliveries  of  40  MMcf/day,  was  implemented  in  November  1984. 
Under  Phase  II,  which  was  approved  by  FERC  in  July  1987,  ad- 
ditional firm  deliveries  of  52.5  MMcf/day  are  scheduled  to  begin 
by  January  1988. 

Five  gas  utilities  in  Massachusetts  are  together  receiving  26.2 
MMcf/day,  or  28  percent  of  the  total  of  92.5  MMcf/day  being  im- 
ported under  the  two  phases  of  the  Boundary  project.  With  the 
exception  of  Bay  State,  the  shipments  which  began  this  Novem- 
ber were  the  first  volumes  of  Canadian  gas  in  these  firms'  sup- 
ply portfolios. 

The  Boundary  gas  is  being  transported  to  the  Northeast  from 
Alberta  via  the  Tennessee,  TransCanada,  and  National  Fuel  Gas 
pipelines.  New  facilities  were  required  along  these  pipelines  and 
at  the  existing  pipeline  interconnection  near  Niagara  Falls  in  order 
to  deliver  the  gas.  The  price  of  the  gas  is  tied  to  that  of  compet- 
ing fuels  in  the  Northeast  and  is  also  adjusted  according  to  a 
seasonal  price  schedule. 
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Portland  Pipeline 

(Bay  State  Gas  and 
Shell  Canada) 

Boundary-Phase  II 

(15  gas  utilities) 

Iroquois  Pipeline 

(TransCanada  Pipe- 
line and  6  others) 

Tennessee  Expansion 

(Alberta  Northeast 
consortium) 

NOREX  Project 

(Tennessee) 

Champlain  Pipeline 

(Noverco  &  3  others) 

PennEast  Expansion 

(Texas  Eastern  & 
Consolidated  Gas) 

Canadian  Gateway 

(Texas  Eastern  and 
Consolidated  Gas) 

Erie  Pipeline 

(ANR  Pipeline  & 
Columbia  Gas  System) 

MIDCON  Pipeline 

(Natural  Gas  Pipeline 
Co.  of  America) 

Northern  Border 
Expansion 

(Northern  Border 
Pipeline  Co.) 

Providence  Gas 
Extension 

(Tennessee  Gas) 

Ocean  State 
Extension 

(Tennessee  Gas) 

Niagara  Spur  Upgrade 

(Tennessee  Gas) 

New  England  States 
Pipeline 

(Texas  Eastern  &  3  others) 

Northeast  Expansion 

(Texas  Eastern) 

Penn-York  Expansion 

(National  Fuel  Gas 
and  Transco) 


Table  98 

Major  New  and  Proposed 
Gas  Supply  Projects  to  the  Northeast 


Project 

Pipeline  Length 

Incremental 

Estimated 

Primary 

Gas 

(Sponsor(s)) 

and  Location 

Capacity 

(Million  Cubic 
Feet/Day) 

Cost 

Market(s) 

Source 

230  miles  of  converted 

pipeline  between 

Montreal  and  Portland,  ME. 

41  miles  of  looping  and 
replacement  in  MA,  NY 
and  PA. 

370  miles  of  new  pipeline 
in  NY  and  CT 

Looping  and  replacement 
in  MA,  NY  and  elsewhere. 

51  miles  of  looping  and 
replacement  in  MA,  NY  and  NH. 

265  miles  of  new  pipeline 
in  MA,  VT,  and  NH. 

Looping  and  replacement 
in  the  Northeast. 


141  miles  of  looping  in 
NY,  NJ  &  PA  plus  additional 
looping  and  new  border  crossing 
on  Tennessee's  Niagara  spur. 

379  miles  of  new 
pipeline  in  PA  &  OH. 

140  miles  in  the  Midwest. 


371  miles  of  new 
pipeline  in  Illinois 
and  Iowa. 

44  miles  of  new  pipeline 
&  looping  in  MA,  NY  &  Rl. 

33  miles  of  new  pipeline 
&  looping  in  MA,  NY  &  Rl. 

No  new  pipeline.  Improved 
metering  and  compression 
facilities  in  NY. 

337  miles  of  new  pipeline 
in  Canada,  ME,  NH  &  MA. 

315  miles  of  looping 

&  replacement  in  OH,  PA 

and  elsewhere. 

13  miles  of  new  pipeline 
and  improved  metering  and 
compression  facilities. 
Underground  gas  storage 
capacity  would  also  be  expanded. 


25  (firm) 

15  (interruptible) 

52.5 


352 

41.5 

91.4 
300 
200 


100  (phase  1) 
400  (total) 


425 


680 


850 


30 


50  (phase  1) 
100  (total) 

132.5 


about  300 


590 

(5  projects) 

75  in  summer 
225  in  winter 


$8.6  million 

$46  million 

$407  million 

N/A 

$47.7  million 
$256  million 
$48  million 


$80  million 
(phase  1) 
$265  million 
(total) 

$313  million 


N/A 


$534  million 


$31.7  million 


$52  million 
(phase  1) 

$14.6  million 


$390  million 


$523  million 


N/A 


MA.NH.ME 


Northeast 


NY.NJ.CT 


MA,  NY, 
NH.RI 

MA.CT 
RI.NH 

MA.VT, 
NH.RI 

Northeast 


Northeast 


Northeast 


Midwest  and 
Northeast  by 
displacement 

Midwest  and 
Northeast  by 
displacement 

Rhode  Island 


Ocean  State 
plant  in  Rl 

Northeast 


Northeast 


NYNJ.PA 


NY.NJ 


Alberta 

Alberta 

Alberta 

Alberta 

Alberta 
and  U.S. 

Alberta 
U.S. 

Alberta 


U.S.  and 
Canada 


Alberta 


Alberta 


Alberta 


Alberta 


Nova  ScotiE 


U.S. 


Alberta 


Source:  EOER 
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Table  99 

New  and  Proposed  Shipments  of 

Additional  Firm  Gas  to  Massachusetts 

(Million  Cubic  Feet/Day) 


Portland 

Boundary- 

Alberta 

Penn  East 

Pipeline 

Phase  II 

Northeast 

NOREX 

Champlain 

Expansion 

Bay  State  Gas 

20 

2.69 

0 

0 

N/A1 

0 

Berkshire  Gas 

0 

1.05 

0 

5.11 

N/A 

0 

Boston  Gas 

0 

10.46 

17 

39.65 

N/A 

0 

Colonial  Gas 

0 

0 

7 

14.42 

N/A 

2.0 

Essex  County  Gas 

0 

1.61 

2 

6.0 

N/A 

0 

Fitchburg  Gas 

&  Electric 

0 

0.53 

0.5 

2.55 

N/A 

0 

Holyoke  Gas 

&  Electric 

0 

0 

0 

1.92 

N/A 

0 

Middleboro 

Gas  &  Electric 

0 

0 

0 

0 

N/A 

0.25 

Others 

0 

0 

0 

0 

N/A 

0 

TOTAL 

20 

16.34 

26.5 

69.64 

N/A 

2.25 

1.  Not  available. 

Sources:  Project  developers  and  FERC  filings 


Alberta  Northeast  Projects:  Alberta  Northeast  Gas  Ltd.  is  a 
consortium  of  19  local  gas  utilities  formed  in  1986  and  includes 
many  of  the  same  firms  in  the  original  Boundary  Gas  consortium. 
Last  year  it  signed  a  15-year  supply  contract  to  import  393.5 
MMcf/day,  of  natural  gas  from  Alberta  to  the  Northeast  U.S. 

This  gas  will  be  shipped  via  the  TransCanada  pipeline  to  two 
or  three  export  points  on  the  Canada-U.S.  border.  The  bulk  of  the 
gas  (352  MMcf/day)  is  scheduled  to  be  delivered  at  Iroquois,  On- 
tario, from  where  it  would  be  transported  to  the  New  York,  New 
Jersey,  and  Connecticut  markets  via  the  proposed  Iroquois  pipe- 
line. The  remainder  of  the  gas  will  be  delivered  to  the  Tennessee 
gas  pipeline  system  through  an  existing  interchange  at  Niagara 
Falls  and/or  to  the  proposed  Champlain  pipeline  at  the  Ver- 
mont/Quebec border.  (The  Champlain  project  is  discussed  below.) 

Tennessee  and/or  Champlain  will  transport  this  portion  of  the 
Alberta  Northeast  gas  on  the  behalf  of  eight  gas  companies  in 
New  England  and  New  York.  Four  gas  utilities  in  Massachusetts 
will  receive  a  total  of  26.5  MMcf/day  of  firm  pipeline  gas  under  this 
project.  Tennessee  has  advised  these  customers  that  the  capac- 
ity of  its  system  between  Niagara  Falls  and  New  England  must  be 
expanded  in  order  to  accomodate  these  incremental  shipments. 
Negotiations  regarding  fees  are  currently  underway.  The  target 
date  for  project  completion  is  1989. 

NOREX  Project:  The  NOREX  Project  is  a  Tennessee  gas 
proposal  to  expand  firm  deliveries  of  pipeline  gas  to  10  New  Eng- 
land gas  utilities  by  a  total  of  91  MMcf/day,  more  than  three- 
quarters  of  which  would  be  taken  by  six  gas  utilities  in  Massa- 
chusetts. The  gas  would  be  delivered  to  New  England  via  the 


Tennessee  Gas  and  Consolidated  Gas  pipelines,  along  which  in- 
cremental facilities  will  be  built  to  accommodate  these  volumes. 
The  projected  start-up  date  for  the  project  is  November  1989. 

The  estimated  capital  cost  of  the  NOREX  Project  is  $47.7  mil- 
lion. Tennessee  will  provide  a  blend  of  domestic  and  Canadian 
supplies,  and  plans  to  roll-in  the  cost  of  additional  facilities  so  that 
gas  utilities  will  pay  for  the  new  gas  under  an  existing  rate 
schedule.  Customers  may  also  elect  to  convert  up  to  20  percent 
annually  of  their  new  capacity  entitlements  to  firm  transportation. 

Champlain  Pipeline  Project:  The  Champlain  Pipeline 
represents  the  largest  proposed  expansion  of  gas  supplies  tar- 
geted specifically  at  the  New  England  market  and  at  Massachu- 
setts in  particular.  The  project  would  involve  the  construction  of 
a  new  pipeline  for  the  transportation  of  300  MMcf/day  of  Cana- 
dian gas  to  New  England.  Although  a  final  route  has  not  yet  been 
determined,  it  is  expected  that  the  pipeline  will  extend  approxi- 
mately 265  miles  from  the  Canada-U.S.  border  at  Highgate 
Springs,  Vermont  through  the  states  of  Vermont,  New  Hampshire 
and  Massachusetts  to  interconnect  with  existing  pipeline  trans- 
mission systems  in  the  Medway,  Massachusetts  area.  Projected 
capital  cost  is  $256  million. 

The  pipeline  developers,  which  include  Noverco,  Northern  New 
England  Gas  Co.,  Central  Vermont  Public  Service  and  Provi- 
dence Energy,  plan  to  file  with  FERC  under  its  "open  season" 
proceeding.  The  developers  have  signed  contracts  to  transport 
gas  for  a  number  of  potential  customers  and  are  currently  con- 
tinuing marketing  efforts.  To  date  it  appears  that  the  Champlain 
Pipeline  gas  will  be  used  primarily  for  electric  power  generation 
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by  both  electric  utilities  and  cogenerators,  with  the  possibility  that 
this  gas  will  be  diverted  to  gas  utilities  for  service  on  peak  winter 
heating  days.  Flexible  supply  and  transportation  services  will  be 
offered  to  customers  by  the  pipeline,  and  pricing  will  be  market- 
responsive,  i.e.,  it  will  be  tied  to  the  prices  of  alternative  sources 
of  supply. 

PennEast  Project:  PennEast  Gas  Services  Co.,  a  joint  venture 
of  Texas  Eastern  and  Consolidated  Natural  Gas,  has  recently  pro- 
posed a  project  to  develop  gas  storage  and  firm  delivery  services 
to  14  gas  utilities  in  the  Northeast.  Two  Massachusetts  utilities, 
Colonial  Gas  and  the  Middleborough  Gas  and  Electric  Depart- 
ment, would  receive  a  total  of  up  to  2.23  MMcf/day  on  peak  winter 
heating  days  under  this  proposal. 

Under  the  plan,  Consolidated  would  develop  additional  capac- 
ity at  three  existing  underground  storage  facilities  and  establish 
a  new  storage  facility.  The  stored  gas  would  then  be  delivered 
through  firm  pipeline  capacity  to  be  added  to  the  Texas  Eastern 
and  Algonquin  systems.  Construction  of  these  storage  and  pipe- 
line facilities  is  estimated  to  cost  $48  million.  A  total  of  up  to  20 
billion  cubic  feet  annually  of  additional  firm  storage  and  transpor- 
tation would  be  made  available  under  the  project.  Service  would 
be  phased-in  over  three  years  beginning  in  1988. 

Other  Projects:  Other  proposed  new  gas  supply  projects  in  the 
Northeast,  such  as  the  Iroquois  and  Canadian  Gateway  pipelines, 
may  benefit  Massachusetts  gas  consumers  even  though  they  will 
not  be  directly  linked  to  the  Commonwealth.  This  is  because  they 
would  to  some  degree  displace  domestic  gas  sales  in  their  tar- 
geted markets.  Pipeline  capacity  permitting,  this  displaced 
domestic  gas  could  be  redirected  in  part  to  Massachusetts. 

Most  of  the  proposed  projects  would  bring  gas  from  Alberta, 
either  alone  or  together  with  domestic  gas,  to  the  Northeast.  In 
the  longer  run,  a  project  such  as  the  proposed  New  England 
States  Pipeline  may  bring  gas  from  offshore  Nova  Scotia  to  New 
England  as  well.  Such  a  project,  however,  will  likely  have  to  await 
higher  gas  prices  and  further  proof  of  reserve  quantities  before 
becoming  commercially  feasible. 

It  should  be  emphasized  that  the  construction  of  most  of  the 
proposed  projects  listed  in  Table  98  is  by  no  means  assured. 
Some  of  the  projects  are  competing  with  others  for  the  same 
market.  Moreover,  any  of  a  number  of  factors,  including  lower  oil 
and  gas  prices,  political  opposition,  federal  regulatory  uncertain- 
ties, or  a  lack  of  anticipated  growth  in  electric  utility  sector  gas 
consumption  could  either  delay  or  cancel  many  of  these  projects. 
It  appears  probable,  however,  given  the  forecasted  increase  in  the 
demand  for  gas,  that  some  such  projects  will  be  carried  out.  The 
timing  of  when  these  new  gas  supplies  will  be  available  remains 
uncertain.  It  has  generally  been  EOER's  policy  to  encourage  the 
development  of  new  pipeline  supplies. 

The  addition  of  new  gas  heating  customers  projected  by  EOER 
would,  in  the  absence  of  new  pipeline  capacity  and  peak  conser- 
vation, drive  up  the  consumption  of  supplemental  fuels,  i.e.,  LNG 
and  propane,  in  Massachusetts.  However,  if  a  significant  amount 
of  new  pipeline  capacity  is  added  as  expected  and  conservation 
is  vigorously  pursued,  it  is  likely  that  statewide  supplemental  gas 
use  will  actually  decline  in  the  short  run. 


Changes  in  Natural  Gas  Regulation 

The  U.S.  natural  gas  industry  is  currently  undergoing  a  process 
of  fundamental  restructuring,  brought  about  primarily  by  a  FERC 
ruling  known  as  Order  436,  and  Order  500  which  clarified  and 
amended  Order  436.  While  just  now  being  fully  implemented  in 
Massachusetts,  these  rulings  are  expected  to  have  significant 
ramifications  for  gas  utilities  and  large  end-users  in  the 
Commonwealth. 

Briefly,  Orders  436  and  500  allow  gas  utilities  and  end-users  for 
the  first  time  to  negotiate  with  and  purchase  gas  supplies  from  . 
any  producer  and  transport  that  gas  via  interstate  pipeline  —  pro- 
viding that  a  pipeline  serving  their  area  has  voluntarily  decided 
to  become  an  "open-access"  gas  carrier.  "Open  access"  is  a  new 
concept  whereby  pipelines  would  transport  gas  for  others  for  a 
fee  without  actually  taking  ownership  of  the  gas.  Customers 
would  be  responsible,  if  they  choose  this  option,  to  make  their 
own  supply  arrangements.  Previously,  federal  regulation  of  pipe- 
lines was  based  on  the  premise  that  pipelines  should  act  primar- 
ily as  a  gas  merchant.  Although  this  function  incorporated  trans- 
portation as  well  as  sales,  the  former  did  not  previously  exist  as 
a  separate  service. 

One  of  the  two  pipelines  currently  serving  Massachusetts,  Ten- 
nessee Gas,  recently  became  the  second  major  pipeline  in  the 
U.S.  to  fully  implement  open-access  transportation.  In  June,  Al- 
gonquin Gas,  the  other  pipeline  serving  Massachusetts,  began 
operating  as  an  open-access  carrier  on  an  interim  basis  while  it 
awaits  a  FERC  ruling  on  its  Order  436  application. 

In  order  for  Massachusetts  consumers  to  purchase  and  receive 
gas  under  Order  436,  it  was  also  necessary  to  establish  intrastate 
natural  gas  transportation  rates.  The  Massachusetts  DPU  issued 
a  ruling  on  this  issue  in  August  1987,  requiring  that  gas  utilities 
in  the  Commonwealth  establish  rates  for  firm  and  interruptible 
transportation  within  their  service  territories.  Given  these  rates, 
large  end-users,  as  well  as  gas  utilities,  in  Massachusetts  will  be 
able  to  consider  a  host  of  new  supply  options  that  were  previously 
unavailable.  That  is,  they  will  have  the  option  to  reduce  or  end 
their  current  purchase  contracts  with  the  interstate  pipelines  and 
to  substitute  either  short-  or  long-term  supply  contracts  with  any 
producer  or  gas  broker.  (The  new  and  traditional  means  of  mar- 
keting and  purchasing  natural  gas  are  illustrated  in  Figure  52.) 
This  will  require  gas  utilities  and  end-users  to  consider  trade-offs 
between  lower  costs  and  possible  higher  supply  risks.  Most  gas 
utilities  in  the  Commonwealth  have  indicated  that,  at  least  for  the 
present,  they  will  likely  maintain  for  the  most  part  their  current 
practice  of  purchasing  firm  gas  from  the  pipelines  for  winter  load 
but  will  undertake  direct  purchases  of  gas  in  months  when  excess 
pipeline  capacity  is  available.  A  number  of  large  end-users  have 
also  indicated  their  desire  to  purchase  their  own  gas  directly  and 
some  began  to  do  so  during  the  summer  of  1987.  It  will  proba-  j 
bly  not  be  cost-effective  for  smaller  end-users  to  pursue  such 
purchases. 
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Figure  52 

Recent  Changes  in  Gas  Marketing 
As  the  Result  of  Deregulation 
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Source:  Adapted  from  National  Gas  Trends,  Arthur  Anderson 
and  Company  and  Cambridge  Energy  Research 
Associates  (1986),  as  reported  in  Commonwealth 
Energy  System's  1986  Annual  Report. 


Coal  and  Renewable  Energy 


Coal 

Massachusetts  receives  its  coal  primarily  from  Pennsylvania, 
West  Virginia,  and  other  states  in  the  Appalachian  region.  The 
majority  of  coal  used  in  the  Commonwealth,  namely,  bituminous 
coal  burned  in  power  plants,  is  transported  to  Massachusetts  via 
railroad  and/or  barge,  depending  on  the  location  of  the  plant.  An- 
thracite, the  only  type  of  coal  approved  for  use  in  homes  in  the 
state,  originates  in  mines  in  eastern  Pennsylvania  and  is  brought 
to  Massachusetts  primarily  by  truck,  although  some  is  shipped  by 
rail. 


Coal  is  the  most  abundant  and  cheapest  form  of  fossil  fuel  in 
the  U.S.  and  is  the  only  major  fuel  for  which  U.S.  exports  exceed 
imports.  Proven  domestic  coal  reserves  are  almost  500  billion 
tons,  or  several  hundred  years  of  supply  at  current  consumption 
rates.  Further,  a  substantial  amount  of  surplus  production  capac- 
ity now  exists  in  the  industry.  Thus,  supply  is  not  likely  to  con- 
strain the  use  of  coal  in  Massachusetts  for  the  forseeable  future. 
Rather,  constraints  are  much  more  likely  to  emerge  on  the  de- 
mand side,  where  environmental  concerns  are  likely  to  limit  the 
use  of  coal.  In  particular,  the  new  Massachusetts  acid  rain  law  re- 
quires that  the  Department  of  Environmental  Quality  Engineering 
set  a  cap  on  sulfur  emissions  in  the  Commonwealth. 

While  long-term  coal  supplies  are  abundant,  mine  or  rail  strikes 
or  transportation  problems  could  temporarily  disrupt  the  flow  of 
coal  to  Massachusetts.  Consequently,  power  plants  maintain  large 
coal  stockpiles  (typically  about  60  days  of  supply)  at  the  plant  site. 
Also,  weather-induced  demand  surges  for  nut-sized  anthracite  for 
coal  stoves  have  occasionally  led  to  spot  shortages  of  that  pro- 
duct in  the  past. 


Renewable  Energy 

The  development  of  renewable  energy  sources,  including 
wood,  solar,  photovoltaics,  hydro  and  wind,  is  supported  by  EOER 
as  part  of  its  overall  policies  to  reduce  the  dependence  of  the 
Commonwealth  on  imported  fuels  and  to  encourage  the  use  of 
alternative  energy  sources  which  foster  economic  growth  while 
protecting  the  environment.  Benefits  from  the  increased  use  of 
renewable  energy  include  added  diversity  to  Massachusetts' 
energy  supply  picture  and  consequent  reduced  vulnerability  to 
potential  supply  disruptions,  low  environmental  impact,  and 
greater  retention  of  energy  dollars  in  the  local  economy. 

Summaries  of  the  supply  outlook  in  Massachusetts  for  each  of 
the  major  types  of  renewable  energy  are  given  below. 

Wood:  Wood  remains  a  popular  fuel  for  heating  in  Massachu- 
setts' households,  with  approximately  25  percent  of  residences 
burning  wood  for  all  or  part  of  their  heating  needs.  Wood  con- 
sumption, however,  is  believed  to  have  declined  somewhat  re- 
cently from  the  1.2  million  cords  estimated  to  have  been  burned 
in  the  winter  of  1981/82,  largely  as  the  result  of  lower  prices  for 
competing  fuels  as  well  as  concerns  about  air  pollution. 

Most  of  the  wood  burned  in  Massachusetts  is  grown  locally, 
with  slightly  more  than  half  being  self-cut  on  privately  owned 
land.  Purchased  cordwood  originates  primarily  in  Massachusetts 
and  the  other  New  England  states.  Thus,  each  BTU  of  wood- 
generated  heat  in  Massachusetts  effectively  displaces  a  BTU  of 
oil  or  other  fuel  and  thus  keeps  funds  in  the  region  which  would 
otherwise  have  been  dispersed  largely  to  other  regions  of  the  U.S. 
and  abroad. 

It  has  been  estimated  that  woodlands  in  Massachusetts  could 
sustain  a  yield  of  6.7  million  tons  (3.8  million  cords)  per  year,  or 
about  three  times  recent  consumption  levels  for  wood  heating. 
Residues  from  logging  operations  add  roughly  another  million 
tons  annually.  Thus,  after  subtracting  for  harvesting  limitations 
and  alternative  uses  for  wood  as  timber  or  fiber,  the  sustainable 
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supply  of  wood  in  Massachusetts  available  for  home  heating  is 
more  than  adequate  for  current  demand.  Significantly  higher  de- 
mand and/or  continued  development  in  Massachusetts  woodland 
areas,  however,  could  eventually  lead  to  a  greater  reliance  on 
other  states  for  local  wood  needs. 

Solar:  Currently,  Massachusetts'  30,000  installed  solar  heating 
systems  displace  about  eight  million  gallons  of  oil-equivalent  fuel 
annually.  Sales  have  been  dropping  since  1985,  however,  due  to 
low  fuel  prices  and  the  loss  of  federal  tax  credits.  Massachusetts 
residents  may  still  qualify  for  a  state  tax  credit  for  solar  systems, 
although  this  tax  credit  is  due  to  expire  at  the  end  of  1987  unless 
it  is  renewed  by  the  Legislature. 

Passive  solar  features,  such  as  greenhouses  and  skylights,  are, 
on  the  other  hand,  continuing  to  gain  in  popularity,  particularly  in 
new  residential  and  commercial  construction.  Often,  these  fea- 
tures are  chosen  as  much  for  their  daylighting  and  aesthetic 
value  as  for  the  energy  savings  that  they  produce. 

The  use  of  solar  (photovoltaic)  cells  to  generate  electricity  in 
Massachusetts  is  still  at  a  relatively  early  stage,  being  confined 
largely  to  utility  and  government  financed  demonstration  projects 
and  power  for  remote  sites.  Progress  in  improving  the  technology 
and  reducing  costs,  however,  continues  to  be  rapid. 

Clearly  the  potential  exists  for  much  more  extensive  use  of  all 
types  of  solar  systems  in  Massachusetts.  The  degree  to  which 
this  resource  will  be  tapped  more  fully  will  depend  largely  on  the 
prices  of  alternative  fuels,  federal  and  state  incentives  to  en- 
courage its  use,  and  continued  technological  progress.  The  resto- 
ration of  federal  tax  incentives  and  renewed  federal  support  for 
solar  research  and  development  would  go  a  long  way  toward  as- 
suring that  this  supply  potential  is  reached. 

Hydropower:  Hydropower  is  a  renewable  energy  source  that 
has  been  relied  on  for  electricity  generation  for  many  years  in 
Massachusetts.  As  of  1986,  installed  utility-owned  hydroelectric 
capacity  in  the  Commonwealth  was  495  MW  at  79  sites.  In  ad- 
dition, two  large  pumped-storage  facilities  are  located  in  Massa- 
chusetts, which  use  off-peak  electricity  to  pump  water  to  a  hold- 
ing facility  used  to  generate  power  during  peak  periods.  They 
have  an  effective  generating  capacity  of  590  MW  serving  Massa- 
chusetts' electricity  consumers. 

Small  non-utility  hydropower  potential  exists  at  a  limited  num- 
ber of  sites  within  the  state.  Most  of  the  hydro  that  can  be  deve- 
loped economically  by  small  power  producers  at  current  rates  has 
already  been  developed.  However,  EOER  estimates  that  40  to  80 
MW  of  additional  capacity  could  be  developed  in  Massachusetts 
if  attractive,  long-term  utility  purchase  rates  are  available.  Approx- 
imately 40  MW  of  small  hydro  capacity  are  on-line  today. 

Wind:  Although  there  are  a  number  of  locations  in  the  Com- 
monwealth with  high  average  annual  windspeeds  and  at  least  50 
to  100  MW  could  theoretically  be  generated  from  this  resource, 
this  potential  will  be  difficult  to  realize.  The  problem  is  not  a  lack 
of  resources  or  proven  technology  but  rather  that  the  best  sites, 
namely  along  the  Atlantic  coast,  in  the  Berkshires,  and  along 
several  ridges  in  the  central  part  of  the  state,  are  concentrated  in 
areas  where  land  use  or  aesthetic  constraints  exist.  At  present, 
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two  wind  farms  are  operating  in  Princeton  and  Nantucket.  Each 
has  a  capacity  of  about  300  KW.  In  addition,  Hull  is  proposing  to 
add  two  more  wind  turbines  at  its  wind  farm  to  provide  a  total  of 
600  KW  of  capacity. 

Trash-to-Energy:  Massachusetts'  total  annual  stream  of  solid 
waste  was  approximately  6  million  tons  in  1985,  or  about  2050 ] 
pounds  per  resident,  and  is  expected  to  reach  6.3  million  tons  by 
1990.  Three  methods  of  handling  this  waste  are  being  employed: 
disposal  in  landfills,  recycling,  and  conversion  to  energy  at 
resource  recovery  facilities. 

Landfill  capacity,  both  within  Massachusetts  and  out-of-state,  is 
diminishing  rapidly.  According  to  the  Division  of  Solid  Waste 
Management  (DSWM),  landfills  in  Massachusetts  currently  can 
handle  3.3  million  tons  of  solid  waste  annually,  a  capacity  which 
is  expected  to  decline  to  1.8  million  tons  by  1990.  DSWM  expects 
to  meet  part  of  this  capacity  shortfall  by  increased  recycling,  and 
has  established  a  goal  of  recycling  25  percent  of  the  Common- 
wealth's waste  stream  by  1990,  as  opposed  to  the  five  percent  be- 
ing recycled  today. 

If  all  of  the  solid  waste  produced  in  Massachusetts  were  utilized 
to  generate  electricity  in  trash-to-energy  facilities,  a  capacity  of 
approximately  410  MW  could  be  supported.  Practical  considt 
ations,  however,  including  environmental  concerns  and  local  op- 
position, are  expected  to  limit  potential  generating  capacity.  Ap- 
proximately 200  MW  of  additional  trash-to-energy  facilities  are 
projected  to  come  on-line  by  1997.  Currently,  about  85  MW  of  ex- 
isting resource  recovery  facilities  in  Massachusetts  can  process 
about  1.1  million  tons  of  waste  annually.  By  1995,  assuming  that  j 
facilities  now  under  construction  or  in  the  planning  stages  are 
completed  and  put  on-line,  the  state's  total  resource  recovery  ; 
plant  capacity  will  rise  to  about  3.2  million  tons  per  year. 

Another  method  of  energy  production  from  trash  is  the  recov- 
ery of  methane  gas  from  landfills.  In  this  technology,  methane  \ 
produced  from  organic  wastes  by  bacteria  is  drawn  off  from  the 
landfill  to  supply  an  electric  generator,  or  alternatively  can  be  pro- 
cessed and  fed  directly  into  the  gas  distribution  network.  Gas  pro- 
duction potential  varies  with  the  age,  depth,  and  composition  of 
the  site.  While  some  of  the  largest  landfills  could  produce  enough 
methane  to  supply  a  generator  in  the  two  to  four  MW  range,  the  I 
total  supply  potential  for  the  Commonwealth  cannot  be  accurately 
estimated.  Since  a  typical  landfill  can  produce  gas  for  only  15  to 
20  years,  methane  recovery  could  represent  a  viable  although 
relatively  minor  supply  of  energy  for  the  Commonwealth  over  the 
next  decade  or  two. 
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CONCLUSION 


The  changes  in  energy  markets  and  the  energy  industry  in 
Massachusetts  that  took  place  in  the  1970s  and  early  1980s  will 
continue  to  have  an  impact  on  Massachusetts'  energy  future. 
While  the  Masssachusetts  economy  and  the  energy  industries 
which  serve  it  have  made  great  strides  in  the  last  few  years  in 
adapting  to  changed  circumstances  with  respect  to  energy  prices 
and  supplies,  the  adaptation  is  by  no  means  complete.  In  fact,  it 
has  largely  just  begun.  The  task  for  the  next  10  years  will  be  to 
move  from  a  stage  of  adapting  to  changed  circumstances  to  one 
of  shaping  and  managing  the  future  energy  environment. 

In  the  section  that  follows,  eight  major  trends  are  identified  and 
their  future  implications  discussed  briefly.  EOER  believes  that  the 
extent  to  which  the  Massachusetts  economy  will  continue  to  grow 
will  depend,  in  large  part,  on  how  effectively,  flexibly  and  effi- 
ciently it  copes  with  continued  energy  price  volatility  and  supply 
uncertainties  and  the  impacts  these  will  have  on  individual 
households,  businesses  and  industries. 


THE  TRENDS  AND  THEIR 
IMPLICATIONS 

1.  The  Massachusetts  economy  can  continue  to  grow  and 
prosper  while  using  less  energy.  Both  the  review  of  the  last  10 
years  and  projections  for  the  next  10  years  support  this  statement. 
The  Massachusetts  economy  weathered  the  recessions  of  the 
1970s  and  early  1980s  and  now  stands  as  an  example  to  the  na- 
tion. As  industry  was  restructuring  and  business  reorganizing, 
they  were  reducing  their  energy  consumption  per  unit  of  output, 
thereby  decreasing  their  costs  of  doing  business  and  increasing 
their  competitiveness.  EOER's  forecast  of  the  future  shows  the 
economy  continuing  to  grow  at  a  robust  rate  while  overall  energy 
consumption  is  projected  to  decline. 

2.  While  overall  oil  dependence  has  decreased,  further  fuel 
diversification  is  desirable  given  the  volatility  of  oil  prices  and 
supply.  With  an  unstable  political  and  military  situation  in  the 
Middle  East  and  substantial  worldwide  excess  crude  production 
capacity,  almost  all  of  which  is  in  OPEC,  it  is  not  possible  to 

!  predict  oil  prices  and  the  oil  supply  situation  with  a  high  degree 
of  certainty.  Crude  supplies  remain  subject  to  political  manipula- 
tion, a  situation  which  will  only  be  exacerbated  as  OPEC  in- 
creases its  worldwide  market  power  over  time.  Moreover,  de- 
velopments in  the  Iran-Iraq  war  could  significantly  affect  the  oil 
supply  situation  at  any  time. 

The  potential  for  increased  U.S.  vulnerability  to  supply  disrup- 
tions as  a  result  of  rising  imports  and  declining  domestic  produc- 
'  tion  has  been  widely  discussed  in  recent  months.  Massachusetts, 
despite  dramatic  reductions  in  its  oil  consumption  over  the  last 
decade,  remains  considerably  more  dependent  on  imported  oil 
'  than  the  nation  as  a  whole,  and  as  such  is  particularly  vulnera- 
!  ble  to  potential  supply  disruptions.  Therefore,  continued  fuel 
'  diversification  away  from  oil  is  desirable.  A  more  diverse  fuel  sup- 
ply, including  greater  reliance  on  natural  gas  and  renewable 


energy,  as  well  as  continued  progress  in  conservation,  would 
reduce  the  Commonwealth's  vulnerability  to  oil  price  volatility  and 
supply  uncertainty,  helping  to  ensure  the  continued  prosperity  of 
the  Massachusetts  economy. 

3.  New  expanded  sources  of  pipeline  gas  are  absolutely  es- 
sential for  the  increasing  electricity  and  space  heating  re- 
quirements of  the  growing  Massachusetts  economy.  From  a 
variety  of  perspectives,  including  supply  diversification,  environ- 
mental quality,  and  cost,  it  is  desirable  to  increase  the  share  of 
natural  gas  in  the  Commonwealth's  energy  supply  portfolio.  Gas 
deliveries,  however,  are  currently  limited  by  a  lack  of  sufficient 
pipeline  capacity  during  the  heating  season. 

While  a  number  of  new  projects  to  expand  pipeline  supplies  to 
Massachusetts  have  been  proposed,  their  construction  is  by  no 
means  assured.  Only  if  new  cost-justified  pipeline  capacity  is  built 
can  the  projected  increases  in  the  demand  for  natural  gas  in  the 
Commonwealth  be  met.  New  gas  supplies  would  allow  new 
residential,  commercial  and  industrial  customers  to  receive  year- 
round  gas  service.  Additional  pipeline  capacity  would  also  per- 
mit additions  to  gas-fired  electric  power  generation  to  provide  ad- 
ditional electricity  supplies  and  reduce  air  emissions  that  contrib- 
ute to  acid  precipitation.  Existing  gas  customers  would  also 
benefit  from  increased  local  competition  among  pipelines  and  the 
reduced  use  of  supplemental  fuels,  which  would  translate  into 
lower  costs  and  reduced  supply  risks.  The  natural  gas  industry 
must  work  together  with  government  energy  policy-makers  and 
regulators  to  ensure  that  cost-justified  additions  to  gas  pipeline 
capacity  are  made  in  a  timely  manner. 

4.  Additions  to  future  electricity  supplies  must  be  made  wi- 
thin a  least-cost  integrated  planning  framework  that  takes  into 
account  environmental  costs,  as  well  as  considerations  of 
system  security,  diversity  and  flexibility.  The  least-cost  in- 
tegrated planning  process  must  also  be  expanded  to  other 
energy  sources  to  ensure  that  all  of  Massachusetts'  future 
energy  supplies  are  developed  in  an  environmentally  respon- 
sible manner  and  at  the  lowest  possible  cost.  The  combina- 
tion of  the  oil  crises  of  the  1970s,  changing  economies  of  power 
plant  construction,  and  new  regulatory  requirements  shattered 
some  long-held  assumptions  with  respect  to  electricity  demand 
and  utility  supply  planning,  and  Massachusetts'  electric  industry 
has  just  begun  to  respond  to  the  new  environment  in  which  it 
finds  itself.  In  this  changed  environment,  least-cost  integrated 
planning  has  developed  as  a  framework  for  planning  for  additions 
to  electricity  supply.  A  least-cost  integrated  planning  framework 
requires  that  utilities  consider  all  supply  options,  including  con- 
servation and  load  management,  on  an  equal  basis,  and  select 
those  with  the  least  cost  for  development  first.  In  assessing  the 
costs  of  an  option,  both  direct  costs  and  social  costs,  including 
environmental  impacts  and  contribution  to  system  security,  diver- 
sity and  flexibility,  should  be  taken  into  account.  By  adhering  to 
a  least-cost  integrated  planning  framework,  Massachusetts'  elec- 
tric companies  should  be  able  to  avoid  in  the  future  many  of  the 
problems  of  the  past.  These  include  supply  additions  ill-matched 
to  demand  in  terms  of  both  timing  and  size,  overdependence  on 
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any  one  source  of  supply,  and  uncertainties  in  anticipating  de- 
mand growth. 

In  addition,  application  of  a  least-cost  integrated  planning 
framework  must  move  beyond  the  electricity  arena  to  encompass 
planning  for  all  future  energy  supplies.  The  relative  costs  of  var- 
ious energy  sources,  and  their  appropriateness  for  various  end- 
uses,  must  be  assessed  in  a  systematic  manner.  A  least-cost  in- 
tegrated planning  framework  for  energy  planning  as  a  whole 
could  provide  the  structure  needed  for  analyzing  the  costs, 
benefits,  and  societal  impacts  of  new  sources  of  energy.  Deci- 
sions about  new  gas  pipeline  capacity  needs,  the  desirability  of 
electricity  imports,  the  level  of  expenditures  to  be  made  for  con- 
servation of  all  fuels,  and  the  degree  to  which  renewable 
resources  should  be  exploited  must  be  made  in  a  manner  that 
takes  into  account  the  dynamics  of  the  interrelationships  among 
them. 

5.  Efficiency  standards  and  the  investments  they  require 
work.  Standards  should  be  constantly  reviewed  and  revised 
in  scope  and  degree  to  reflect  changing  circumstances  in 
energy  markets.  Improving  the  efficiency  with  which  Massachu- 
setts' households,  businesses  and  industries  use  energy  makes 
the  economy  more  efficient  and  competitive,  and  increases  the 
flexibility  with  which  Massachusetts'  energy  consumers  can 
respond  to  changes  in  energy  markets.  Improvements  in  effi- 
ciency contribute  to  and  support  Massachusetts'  levels  of  eco- 
nomic growth.  The  impacts  of  improved  efficiency  also  grow  over 
time  as  existing  capital  stock  (buildings,  appliances,  motors,  au- 
tomobiles) is  retired  and  replaced  with  more  efficient  stock. 

Investments  in  efficiency  must  continue  as  they  provide  Massa- 
chusetts with  its  best  hedge  against  uncertainty  with  respect  to 
future  energy  prices  and  supplies.  Because  investments  in  effi- 
ciency make  energy  a  smaller  component  of  the  individual 
household's  or  firm's  budget,  energy  consumers'  vulnerability  to 
price  shocks  and  supply  disruptions  is  reduced.  One  lesson  of 
the  last  10  years  is  that  energy  markets  will  continue  to  be  un- 
predictable and  unstable.  Pursuing  policies  and  actions  that 
reduce  vulnerability  to  this  instability,  one  of  EOER's  goals,  will 
ameliorate  the  impacts  of  this  instability  on  both  Massachusetts' 
energy  consumers  and  the  energy  industries  that  serve  them. 

6.  Deregulation  of  most  energy  sources  is  creating  greater 
uncertainty  but  simultaneously  offers  the  opportunity  for 
greater  efficiency  in  the  acquisition  and  use  of  new  supplies, 
and  lower  prices  for  these  supplies  than  would  have  been  the 
case  absent  deregulation.  In  the  electric  industry,  PURPA 
opened  the  electricity  market  to  non-utility  small  power  producers 
and  cogenerators.  In  the  natural  gas  industry,  open-access  trans- 
portation and  other  changes  at  the  FERC  promise  to  offer  con- 
sumers a  greater  choice  of  supply  sources.  Price  deregulation  of 
both  oil  and  gas  has  led  to  the  development  of  new  sources  of 
supply  for  these  fuels.  Together  the  movement  toward  deregula- 
tion in  segments  of  all  of  these  markets  has  made  them  more 
competitive  and  more  efficient,  thereby  increasing  consumer 
choice  and  lowering  consumer  costs. 

Consumers  are  also  benefiting  from  the  concomitant  increase 
in  energy  product  differentiation  that  has  occurred.  In  electricity, 
customers  can  purchase  different  levels  of  reliability  and/or  pay 


for  power  according  to  its  time  of  use.  Natural  gas  customers  can 
buy  gas  from  one  entity  and  purchase  transportation  from 
another,  or  buy  the  two  together.  The  range  of  options  available 
in  the  oil  market  is  perhaps  the  greatest,  from  full  to  virtually  self- 
service.  Changes  in  contractual  arrangements  are  also  enabling 
industrial  and  other  large  customers  to  switch  easily  from  one  fuel 
to  another  in  fesponse  to  seasonal  availability  and  fluctuations  in 
prices. 

It  is  true  that  deregulation  has  created  new  uncertainties  in 
energy  markets,  especially  for  energy  producers.  However,  these 
uncertainties  for  suppliers  are  outweighed  by  the  benefits  accru- 
ing to  consumers.  Also,  as  the  deregulated  market  matures  and 
the  players  learn  the  new  rules  of  the  game,  many  of  the  uncer- 
tainties and  problems  that  exist  today  will  be  resolved. 

7.  State  and  federal  regulatory  frameworks  need  to  be  up- 
dated to  reflect  new  market  conditions.  To  a  great  extent,  regu- 
lators, in  addition  to  the  energy  industry,  have  yet  to  adapt  fully 
to  today's  changed  energy  market  conditions.  At  the  state  level, 
Massachusetts  is  just  beginning  to  address  the  implications  of 
competition  introduced  into  the  electric  industry  by  small  power 
producers  and  cogenerators  under  Massachusetts'  new  PURPA 
regulations  through  implementation  of  these  regulations  and  in 
the  DPU  proceeding  on  the  treatment  to  be  given  utility  invest- 
ment in  new  power  plants.  This  proceeding  is  also  addressing 
least-cost  planning  issues  and  the  rate  recovery  treatment  to  be 
given  to  utility  conservation  investments.  At  the  national  level,  the 
federal  government  is  looking  to  the  states  for  guidance  in 
regulating  interutility  transactions.  In  the  natural  gas  industry,  both 
federal  and  state  regulators  are  grappling  with  questions  raised 
by  new  gas  transportation  policies,  with  pricing  a  major  issue  yet 
to  be  resolved  completely.  The  outcome  of  federal  regulatory 
changes  will  have  a  major  impact  on  the  likelihood  of  significant 
gas  pipeline  additions  in  New  England.  The  adoption  of  a  least- 
cost  planning  framework  has  already  introduced  complexities  into 
electric  utility  regulation  and  may  soon  do  so  for  natural  gas. 
Lastly,  the  need  to  take  into  account  the  requirements  of  en- 
vironmental regulations  will  require  greater  coordination  between 
environmental  and  energy  regulators  and  policy-makers. 

While  government  is  making  progress  in  this  area,  the  work 
under  way  must  be  accelerated  and  issues  not  yet  addressed  at- 
tacked. Swift  resolution  of  questions  and  problems  as  they  arise 
is  necessary  to  promote  and  ensure  the  smooth  functioning  of  to- 
day's and  tomorrow's  energy  markets.  In  this  way,  the  uncertainty 
produced  by  the  recent  deregulation  of  sectors  of  the  energy  in- 
dustry can  be  reduced  and  eventually  eliminated. 

8.  Environmental  considerations  will  play  a  larger  and  larger 
role  in  the  development  of  future  energy  supplies.  They  must 
be  incorporated  into  energy  supply  planning  processes  in  a 
systematic  manner.  Environmental  constraints  will  influence  the 
choice  among  future  energy  supply  options.  In  the  electric  indus- 
try, air  quality  concerns  will  limit  fossil  fuel  burning,  affecting  fu- 
ture oil,  natural  gas  and  coal  consumption,  while  hazardous 
waste  disposal  problems  will  affect  the  viability  of  other  electric- 
ity generating  technologies.  In  the  siting  of  gas  pipelines,  power 
plants  and  electricity  transmission  lines,  environmental  concerns 
will  also  have  to  be  addressed.  Environmental  impacts  will  also 
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have  to  be  considered  in  the  development  of  many  small  power 
and  cogeneration  facilities,  as  well  as  larger  non-utility  generation 
projects.  As  Massachusetts'  energy  needs  increase,  it  will  become 
increasingly  important  to  address  environmental  considerations 
early  in  planning  for  additions  to  energy  supply  and  to  develop 
a  methodology  for  consistently  evaluating  these  impacts.  A  least- 
cost  integrated  planning  framework  can,  and  should,  provide  the 
means  for  the  explicit  recognition  of  environmental  impacts  in  as- 
sessing the  costs  and  benefits  of  future  additions  to  energy 
supplies. 
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Appendix  A 
ACRONYMS  AND  ABBREVIATIONS 


ASHRAE  American  Society  of  Heating,  Refrigerating  and  Air 

Conditioning  Engineers 

BBL  barrel  (of  oil) 

BBRS  Massachusetts  Board  of  Building  Regulations  and 

Standards 

BCF  billion  cubic  feet  (of  natural  gas) 

BTU  British  thermal  unit  (a  unit  of  energy) 

CAFE  Corporate  Average  Fuel  Efficiency  Standards 
Standards 

DC  direct  current 

DPU  Department  of  Public  Utilities 

DOE  U.S.  Department  of  Energy 

DSWM  Division  of  Solid  Waste  Management 

EOER  Massachusetts  Executive  Office  of  Energy  Resources 

FERC  Federal  Energy  Regulatory  Commission 

GSP  Gross  State  Product 

GW  gigawatt,  equals  1000  megawatts 

GWH  gigawatthour,  equals  1000  megawatthours 

HVDC  high  voltage  direct  current 

KW  kilowatt,  equals  1000  watts 

KWH  kilowatthour,  equals  1000  watthours 

LNG  liquefied  natural  gas 

LPG  liquefied  petroleum  gas 

MAS  Massachusetts  Audubon  Society 

MCF  thousand  cubic  feet  (of  natural  gas) 

minBTU  million  BTUs 

MMcf  million  cubic  feet  (of  natural  gas) 

MMWEC  Massachusetts   Municipal   Wholesale   Electric 

Company 

MPG  miles  per  gallon 

MW  megawatt,  equals  1000  kilowatts 

MWH  megawatthour,  equals  1000  kilowatthours 

NEPOOL  New  England  Power  Pool 

NRDC  Natural  Resources  Defense  Council 

OPEC  Organization  of  Petroleum  Exporting  Countries 

PURPA  Public  Utility  Regulatory  Policies  Act 

QF  qualifying  facility 

SIC  Code  Standard  Industrial  Classification  code 

SPR  Strategic  Petroleum  Reserve 

TBTU  trillion  BTUs 

TCF  trillion  cubic  feet  (of  natural  gas) 

TOU  rate  time-of-use  rate 
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ANTHRACITE  COAL 


APPLIANCE 

EFFICIENCY 

STANDARD 

AVERAGE  ANNUAL 
GROWTH  RATE 

AVOIDED  COST 


BARREL  (OF  OIL) 


BASELOAD 


BASELOAD  PLANT 


BITUMINOUS  COAL 


BTU  (BRITISH 
THERMAL  UNIT) 


BULK  POWER 
PURCHASES 


A  highgrade,  hard,  lustrous  coal  con- 
taining a  high  percentage  of  fixed 
carbon  and  a  low  percentage  of  vola- 
tile matter.  It  is  used  primarily  for 
residential  space  heating  and  is 
mined  in  northeast  Pennsylvania. 

The  minimum  allowable  efficiency 
level  established  for  a  given  appliance 
installed  or  offered  for  sale  after  a 
specified  cut-off  date. 

Defined  here  as:  [(Xfinal  year  -  Xflrst  year) 

/  Xfirst  year]  /  #  Of  years 

The  incremental  cost  that  an  electric 
utility  would  have  incurred  if  it  had 
generated  power  from  its  own  in- 
cremental source  rather  than  purchas- 
ing that  power. 

A  volumetric  unit  of  measure  for 
crude  oil  and  petroleum  products 
equivalent  to  42  U.S.  gallons. 

The  minimum  amount  of  electric 
power  delivered  or  required  over  a 
given  period  of  time  at  a  steady  state. 

A  plant,  usually  housing  high- 
efficiency  steam  electric  units,  which 
is  normally  operated  to  take  all  or  part 
of  the  minimum  load  of  a  system,  and 
which  consequently  produces  electric- 
ity at  an  essentially  constant  rate  and 
runs  continuously.  These  units  are 
operated  to  maximize  system  me- 
chanical and  thermal  efficiency  and 
minimize  system  costs. 

A  common,  soft  coal  that  is  high  in 
carbon  content,  having  a  volatility 
greater  than  anthracite  and  a  heat 
value  greater  than  subbituminous 
coal.  It  is  used  for  electricity  genera- 
tion, coke  production  and  space  heat- 
ing and  is  mined  chiefly  in  Kentucky, 
Pennsylvania  and  West  Virginia. 

A  standard  unit  for  measuring  the 
quantity  of  heat  energy  equal  to  the 
heat  required  to  raise  the  temperature 
of  1  pound  of  water  by  1  degree 
Fahrenheit. 

Purchases  of  large  blocks  of  power, 
either  capacity  (kilowatts)  or  energy 
(kilowatthours),  by  one  utility  system 
from  another.  With  advances  in 
transmission  line  technology  in  recent 
years,  bulk  power  purchases,  such  as 
Hydro  Quebec  Phases  I  and  II,  have 
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GLOSSARY  OF  TERMS 


CAFE  (CORPORATE 
AVERAGE  FUEL 
EFFICIENCY) 
STANDARDS 

CAPACITY 


COGENERATION 


COMBINED  CYCLE 


CONSTANT  DOLLARS 


CRUDE  OIL 


CURRENT  DOLLARS 


DELIVERED  FUEL 
PRICE 

EFFECTIVE 

GENERATING 

CAPACITY 


become  an  increasingly  important 
power  supply  option  for  utilities. 

Federal  standards  for  automobile  fleet 
fuel  efficiency.  In  1987,  the  minimum 
efficiency  for  a  fleet  of  cars  built  by  a 
single  manufacturer  was  26  miles  per 
gallon. 

The  amount  of  electric  power  deli- 
vered or  required  for  which  a  gener- 
ator, turbine,  transformer,  transmission 
circuit,  station,  or  system  is  rated  by 
the  manufacturer. 

The  simultaneous  production  of  useful 
electrical  and  thermal  energy.  In 
some  systems  electricity  is  produced 
first  and  the  waste  heat  is  captured 
and  used  for  other  purposes.  In  other 
systems  high-temperature  thermal 
energy  is  produced  first  and  heat  is 
extracted  from  the  waste  steam  for 
the  production  of  electricity. 

An  efficient  type  of  power  plant  com- 
bining the  operation  of  a  gas  turbine, 
a  steam  turbine,  and  a  heat  recovery 
steam  generator.  Natural  gas  or  fuel 
oil  is  fed  into  a  gas  turbine,  which 
drives  an  electric  generator.  Waste 
heat  from  the  turbine  is  captured  and 
used  to  provide  steam  for  the  steam 
turbine,  which  also  drives  a  generator. 

Dollars  which  are  converted  to  the 
value  of  currency  in  a  given  year  in 
order  to  eliminate  the  effect  of  infla- 
tion. In  this  report,  monetary  values 
are  generally  expressed  in  1975  cons- 
tant dollars.  A  conversion  table  for 
constant  to  current  dollars  is  given  in 
Appendix  C. 

A  mixture  of  hydrocarbons  that  ex- 
isted in  liquid  phase  in  underground 
reservoirs  and  remains  liquid  at  at- 
mospheric pressure. 

Monetary  values  which  have  not  been 
adjusted  for  inflation  (as  opposed  to 
constant  dollars).  A  conversion  table 
for  current  and  constant  dollars  is 
given  in  Appendix  C. 

The  final  price  paid  by  the  end-user 
for  a  given  quantity  of  fuel. 

The  amount  of  power  available  from 
utility-owned  generating  units  adjusted 
for  seasonal  ratings,  plus  firm  contract 
capacity,  small  power  purchases  and 
short-term  purchase  capacity. 
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ELECTRICITY 
GENERATED 

ELECTRIC  POWER 
PLANT 


ELECTRIC  UTILITY 


ENERGY 


ENERGY  INTENSITY 


EXOGENOUS  FUEL 
PRICES 


FEEDSTOCKS 


FINDING  COST 

FIRM  GAS 
FOSSIL  FUEL 


The  total  amount  of  electric  energy 
produced  by  power  plants  over  a 
given  period  of  time,  such  as  a  year. 

A  station  containing  electric  genera- 
tors and  auxiliary  equipment  for  con- 
verting mechanical,  chemical,  and/or 
fission  energy  into  electric  energy. 

A  corporation  or  other  legal  entity  that 
owns  and/or  operates  facilities  for  the 
generation,  transmission,  distribution, 
or  sale  of  electric  energy,  primarily  for 
use  by  the  public.  An  entity  that  solely 
operates  qualifying  facilities  under  the 
Public  Utility  Regulatory  Policies  Act 
of  1978  is  not  considered  an  electric 
utility. 

The  capacity  for  doing  work  as  meas- 
ured by  the  capability  of  doing  work 
(potential  energy)  or  the  conversion  of 
this  capability  to  motion  (kinetic 
energy).  Energy  has  several  forms, 
some  of  which  are  easily  convertible 
and  can  be  changed  to  another  form 
useful  for  work.  Most  of  the  world's 
convertible  energy  comes  from  fossil 
fuels  that  are  burned  to  produce  heat 
that  is  then  used  as  a  transfer 
medium  to  mechanical  or  other 
means  in  order  to  accomplish  tasks. 
Electrical  energy  is  usually  measured 
in  kilowatthours,  while  heat  energy  is 
usually  measured  in  British  thermal 
units. 

The  total  amount  of  energy  used  per 
dollar  of  output  produced  by  a  given 
sector  or  the  economy  as  a  whole. 

The  national  wellhead  or  mine  mouth 
prices  for  fossil  fuels,  which  were 
taken  from  the  Department  of  Energy 
and  used  as  an  input  to  the  forecast. 

Products  derived  from  petroleum  and 
used  principally  for  the  manufacture 
of  chemicals,  synthetic  rubber,  and  a 
variety  of  plastics. 

The  cost  of  exploration,  generally  for 
fossil  fuels,  divided  by  the  volume  of 
additional  reserves  discovered. 

Gas  sold  on  a  year-round  and  gener- 
ally long-term  basis. 

Any  naturally  occurring  organic  fuel, 
such  as  coal,  crude  oil,  and  natural 
gas. 


FUEL 


GAS  BUBBLE 


GAS  PIPELINE 
COMPANY 


GAS  UTILITY 


GENERATION 


GIGAWATT  (GW) 

GIGAWATTHOUR 
(GWH) 

GROSS  STATE 
PRODUCT  (GSP) 


HEAT  PUMP 


HVDC 
TRANSMISSION  LINE 


HYDROELECTRIC 
POWER 

INDIGENOUS 
RESOURCES 


INTERRUPTIBLE  GAS 
OR  ELECTRICITY 


Any  substance  that  can  be  burned  to 
produce  heat;  also,  materials  that  can 
be  fissioned  in  a  chain  reaction  to 
produce  heat. 

A  term  used  to  describe  the  current 
temporary  period  of  excess  gas 
supply. 

A  firm  engaged  in  the  operation  of  an 
interstate  underground  natural  gas 
pipeline  and  the  transportation  of  gas 
through  that  pipeline.  The  firm  may  or 
may  not  own  the  gas  which  it  is 
transporting. 

A  publicly  or  privately  held  firm  en- 
gaged in  the  distribution  and  retail  or 
wholesale  sale  of  natural  gas  within  a 
specified  geographic  region  (e.g., 
Boston  Gas  Company). 

The  process  of  producing  electric 
energy  by  transforming  other  forms  of 
energy  into  electricity;  also,  the 
amount  of  electric  energy  produced, 
expressed  in  kilowatthours. 

1000  megawatts.  A  unit  of  electric  ca- 
pacity or  power. 

1000  megawatthours.  A  unit  of  elec- 
tricity consumed  or  generated. 

The  total  value  of  goods  and  services 
produced  by  the  state's  economy  be- 
fore deduction  of  depreciation 
charges  and  other  allowances  for  cap- 
ital consumption. 

A  device  which  produces  energy  by 
extracting  heat  from  the  surrounding 
environment  (air,  water  or  the  earth), 
thereby  heating  a  building  in  winter 
and  cooling  it  in  summer. 

A  high  voltage  direct  current  electric- 
ity transmission  line,  used  to  transmit 
power  economically  over  long  dis- 
tances. 

Electricity  generated  by  an  electric 
power  plant  whose  turbines  are  driven 
by  falling  water. 

Natural  resources  which  are  not  im- 
ported; i.e.,  which  are  produced  in  the 
same  country  or  region  where  they 
are  consumed. 

Gas  or  electricity  sold  to  customers 
with  a  provision  that  permits  curtail- 
ment or  cessation  of  service  at  the 
discretion  of  the  distributing  company 
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KILOWATT  (KW) 

KILOWATTHOUR 
(KWH) 

LEAST  COST 
INTEGRATED 
PLANNING 


LIFTING  COST 

LIQUEFIED  NATURAL 
GAS  (LNG) 


LIQUEFIED 
PETROLEUM  GAS 
(LPG) 

LOAD  (ELECTRIC) 


LOAD  MANAGEMENT 


LOW  SULFUR  COAL 


MARKET  SHARE 


MEGAWATT  (MW) 

MEGAWATTHOUR 
(MWH) 


under  certain  circumstances  as  speci- 
fied in  the  service  contract. 

One  thousand  watts.  A  unit  of  electric 
capacity  or  power. 

One  thousand  watthours.  A  unit  of 
electricity  consumed  or  generated. 

A  resource  planning  process  which 
requires  that  utilities  consider  all  sup- 
ply and  demand  options,  including 
conservation  and  load  management, 
on  an  equal  basis,  and  select  those 
with  the  least  cost  for  development 
first.  In  assessing  the  costs  of  an  op- 
tion, both  direct  costs  and  social  costs 
should  be  taken  into  account. 

The  cost  of  production  from  an  exist- 
ing oil  or  gas  well. 

Natural  gas  which  has  been  liquefied 
by  reducing  its  temperature  to  -260°F 
at  atmospheric  pressure.  Such  gas  is 
used  to  supplement  pipeline  gas  sup- 
plies during  the  heating  season. 

Any  of  a  variety  of  products,  including 
ethane,  propane  and  butane,  pro- 
duced at  refineries  or  natural  gas 
processing  plants. 

The  amount  of  electric  power  deli- 
vered or  required  at  any  specific  point 
or  points  on  a  system.  The  require- 
ment originates  at  the  energy- 
consuming  equipment  of  the 
customer. 

Actions  by  customers  initiated  by  the 
customer  or  by  the  utility  directly  to 
change  the  level  of  peak  loads  or 
otherwise  alter  the  shape  of  the  load 
curve.  Total  energy  consumption  may 
not  necessarily  change. 

Coal  with  a  sulfur  content  of  two  per- 
cent or  less  by  weight.  Low  sulfur  coal 
is  used  to  reduce  sulfur  oxide  emis- 
sions from  coal  combustion  in  regions 
where  acid  rain  is  a  problem,  such  as 
New  England. 

The  share  of  a  particular  fuel  as  a 
percentage  of  the  total,  measured  in 
this  report  in  terms  of  BTUs. 

1000  kilowatts.  A  unit  of  electric  ca- 
pacity or  power. 

1000  kilowatthours.  A  unit  of  electric- 
ity consumed  or  generated. 


MINE  MOUTH  PRICE 


NATURAL  GAS 


NEPOOL 

NON-SUBSTITUTABLE 
END-USE 

OFF-PEAK  DEMAND 
OPEC 


OPEN  ACCESS 


OPEN  SEASON 


ORDER  436/ 
ORDER  500 


PEAK  DEMAND 


The  price  paid  for  coal  at  the  mine 
mouth,  i.e.,  where  it  is  produced. 
Transportation  and  other  costs  are 
added  to  arrive  at  the  delivered  price 
of  coal  to  the  end-user. 

A  naturally  occuring  mixture  of 
hydrocarbon  and  nonhydrocarbon 
gases  found  in  porous  geological 
formations  beneath  the  earth's  sur- 
face, often  in  association  with 
petroleum.  The  principal  constituent  is 
methane. 

The  New  England  Power  Pool,  a 
voluntary  association  of  99%  of  the 
electric  utilities  in  New  England. 

An  end-use  such  as  refrigeration 
where  only  one  form  of  energy  (elec- 
tricity) can  generally  be  used. 

Demand  for  electricity  or  gas  at  a 
time  when  the  delivery  system's  nor- 
mal capacity  is  not  being  fully  utilized. 

The  acronym  for  the  Organization  of 
Petroleum  Exporting  Countries,  that 
have  organized  for  the  purpose  of 
negotiating  with  oil  companies  on 
matters  of  oil  production,  prices  and 
future  concession  rights.  Current 
members  are  Algeria,  Ecuador, 
Gabon,  Indonesia,  Iran,  Iraq,  Kuwait, 
Libya,  Nigeria,  Qatar,  Saudi  Arabia, 
United  Arab  Emirates,  and  Venezuela. 

A  new  option  for  interstate  pipelines 
which  allows  them  to  transport  gas  for 
others  for  a  fee  without  taking  actual 
ownership  of  the  gas. 

A  period  established  by  FERC  for 
submitting  applications  to  serve  the 
Northeast  market.  January  15,  1988  is 
the  deadline  set  by  FERC  for  re- 
ceiving applications  under  this 
proceeding. 

Two  related  FERC  orders  which  allow 
gas  utilities  and  end-users  for  the  first 
time  to  negotiate  with  and  purchase 
gas  supplies  from  any  producer  and 
transport  that  gas  via  an  open-access 
interstate  pipeline. 

The  point  of  highest  demand  for  elec- 
tricity or  gas  that  occurs  within  a 
specified  period  of  time.  Peak  de- 
mand is  one  determinant  of  the  ca- 
pacity requirements  of  a  utility. 


131 


State  Annual  Forecast  of  Energy  Resources 


PEAKING  UNITS 


PHOTOVOLTAIC 
(SOLAR)  CELL 

PIPELINE 


PRIMARY  FUEL 
CONSUMPTION 


PROPANE 


PUMPED-STORAGE 

HYDROELECTRIC 

PLANT 


PURPA 


Generating  units  that  can  be  brought 
on-line  quickly  to  meet  surges  or 
peaks  in  customer  requirements  for 
power.  Typically,  these  units  have  rela- 
tively low  capital  costs  but  relatively 
high  fuel  and  operating  costs,  which 
make  them  well-suited  for  use  in 
meeting  system  peak  power  require- 
ments, which  are  usually  of  short  du- 
ration. 

A  device  which  converts  incident  light 
into  electricity. 

A  network  of  underground  pipes  for 
the  transmission  and  distribution  of 
natural  gas  from  the  producer,  gener- 
ally in  the  Southeast  U.S.  or  Western 
Canada,  to  gas  utilities  and/or 
end-users. 

Direct  consumption  of  primary  fuels 
such  as  oil,  gas  or  coal.  Excludes  the 
consumption  of  electricity,  which  is  a 
secondary  fuel  (i.e.,  it  is  produced 
from  the  combustion  of  primary  fuels). 

A  normally  gaseous  hydrocarbon  ex- 
tracted from  natural  gas  or  refinery 
streams  and  used  to  supplement 
natural  gas  pipeline  supplies  on  peak 
winter  heating  days  as  well  as  in 
areas  where  pipeline  gas  is  not 
available. 

A  plant  that  usually  generates  electric 
energy  during  peak-load  periods  by 
using  water  previously  pumped  into 
an  elevated  storage  reservoir  during 
off-peak  periods  when  excess  gener- 
ating capacity  is  available  to  do  so. 
When  additional  generating  capacity 
is  needed,  the  water  can  be  released 
from  the  reservoir  through  a  conduit 
to  turbine  generators  located  in  a 
power  plant  at  a  lower  level. 

The  Public  Utility  Regulatory  Policies 
Act  was  passed  by  Congress  in  1978 
to  encourage  energy  conservation 
through  cogeneration  and  the  de- 
velopment of  small  power  resources. 
Utilities  are  required  to  purchase  any 
excess  power  produced  by  facilities 
meeting  the  act's  criteria  for  "qualify- 
ing facilities"  (QFs)  at  rates  estab- 
lished by  the  states  to  reflect  the 
"avoided  cost"  to  the  utility  of  not 
having  to  produce  the  power.  The 
Massachusetts  Department  of  Public 
Utilities  first  issued  regulations  under 


QUALIFYING 
FACILITY  (QF) 


REAL  GROWTH  RATE 


REFINERY 


RENEWABLE 
ENERGY 


RESERVE  MARGIN 


RESERVES  (PROVEN) 


RESOURCE  BASE 
RESOURCES 


R-VALUE 
SAFER  MODEL 


the  provisions  of  PURPA  in  1981; 
modified  PURPA  regulations  were  is- 
sued in  August  1986. 

A  cogeneration  or  small  power 
production  facility  that  is  not  more 
than  50  percent  owned  by  electric  util- 
ities and  meets  certain  standards  as 
defined  in  Section  201  of  PURPA. 
These  facilities  produce  and  sell 
power  to  electric  utilities. 

The  annual  growth  rate  of  a 
parameter  expressed  in  real  (constant 
dollar)  terms,  i.e.,  after  eliminating  the 
effect  of  inflation  on  the  value  of 
currency. 

A  facility  that  manufactures  finished 
petroleum  products,  such  as  gasoline, 
from  crude  oil,  natural  gas  liquids  and 
other  hydrocarbons. 

A  class  of  energy  sources,  such  as 
solar,  wind,  hydro  and  biomass, 
whose  supply  is  continuously  or  peri- 
odically renewed. 

The  amount  of  unused  available  ca- 
pacity of  an  electric  power  system  at 
peak  load  for  a  utility  system.  This 
figure  is  calculated  by  subtracting 
peak  load  from  available  capacity  and 
dividing  by  peak  load.  A  reserve  mar- 
gin of  20  percent  is  generally  consi- 
dered desirable. 

That  portion  of  the  resources  of  a 
given  fossil  fuel  which  has  been  lo- 
cated with  considerable  certainty  and 
that  can  be  recovered  economically 
with  existing  technology. 

The  total  natural  stock  of  a  given  fos- 
sil fuel,  such  as  oil  or  gas. 

That  portion  of  the  total  resource  base 
that  has  been  estimated  with  some 
degree  of  certainty  and  which  may  be 
recovered  at  some  time  in  the  future 
given  higher  prices  and  improved 
technology. 

A  standard  measure  of  the  insulation 
value  of  various  building  materials. 

The  State  Annual  Forecast  of  Energy 
Resources  model,  a  system  dynamics 
model  used  to  generate  the  data  for 
the  forecasts  presented  in  this  report. 
(For  more  detail,  see  the  Technical 
Appendix  published  as  a  companion 
volume  to  this  report.) 
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SALES  FOR  RESALE 


SIC  CODE 


SMALL  POWER 
PRODUCER 

SPOT  PURCHASE 


STRATEGIC 
PETROLEUM 
RESERVE  (SPR) 

SUBSTITUTABLE 
END-USE 

SUPPLEMENTAL  GAS 
SUPPLIES 


TIME-OF-USE  (TOU) 
RATES 


TRANSMISSION 
SYSTEM  -  ELECTRIC 


TRANSMISSION 
SYSTEM  -  GAS 


A  type  of  wholesale  sales  covering 
electricity  or  gas  supplied  to  other  util- 
ities, cooperatives,  municipalities,  and 
federal  and  state  electric  agencies  for 
resale  to  ultimate  consumers. 

The  Standard  Industrial  Classification 
Code,  a  commonly  used  classification 
system  for  businesses.  Various  levels 
of  specificity  can  be  used;  this  report 
presents  information  at  the  two-digit 
SIC  code  level. 

A  non-utility  electricity  supplier  with  a 
capacity  of  80  MW  or  less  which  uses 
certain  designated  fuels. 

Purchase  of  fuel  for  delivery  within 
one  year,  often  made  by  a  utility  or 
user  to  fulfill  a  certain  portion  of 
energy  requirements,  to  meet  unanti- 
cipated energy  needs  or  to  take  ad- 
vantage of  low  fuel  prices. 

Petroleum  inventories  maintained  by 
the  federal  government  for  use  during 
periods  of  major  supply  interruption. 

An  end-use  such  as  water  heating  or 
cooking  where  more  than  one  type  of 
energy  can  generally  be  used. 

Supplies  such  as  LNG  or  propane 
which  are  used  to  temporarily  sup- 
plement pipeline  supplies  when  gas 
demand  exceeds  the  capacity  of  the 
pipelines. 

Utility  rates  which  vary  according  to 
the  time  of  day  in  order  to  reflect  the 
difference  in  costs  of  producing  elec- 
tricity at  various  times  of  the  day. 

An  interconnected  group  of  electric 
transmission  lines  and  associated 
equipment  for  moving  or  transferring 
electric  energy  in  bulk  between  points 
of  supply  and  points  at  which  it  is 
transformed  for  delivery  over  the  dis- 
tribution system  to  consumers,  or  to 
other  electric  systems. 

An  interconnected  network  of  under- 
ground pipelines  and  associated 
equipment  for  transporting  natural 
gas  between  points  of  production  and 
points  where  it  is  transferred  to  the  lo- 
cal distribution  system  for  delivery  to 
end-users,  or  for  delivery  to  other  gas 
transmission  systems. 


TURBINE 


VEHICLE-MILES 
TRAVELLED 

WATT 


WATTHOUR 


WELLHEAD  PRICE 


A  machine  for  generating  rotary 
mechanical  power  from  the  energy  in 
a  stream  of  fluid  (such  as  water, 
steam,  or  hot  gas).  Turbines  convert 
the  kinetic  energy  of  fluids  to  mechan- 
ical energy  through  the  principles  of 
impulse  and  reaction,  or  a  mixture  of 
the  two. 

The  total  number  of  miles  travelled  by 
all  motor  vehicles  in  a  given  period  of 
time. 

An  electrical  unit  of  power.  The  rate  of 
energy  transfer  equivalent  to  one  am- 
pere flowing  under  a  pressure  of  one 
volt. 

An  electrical  energy  unit  of  measure 
equal  to  one  watt  of  power  supplied 
to,  or  taken  from,  an  electric  circuit 
steadily  for  one  hour. 

The  price  paid  for  oil  or  gas  at  the 
wellhead,  i.e.,  the  point  at  which  it  is 
produced.  Transportation  and  other 
costs  are  added  to  arrive  at  the  deli- 
vered price  of  oil  or  gas  to  the 
end-user. 
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Appendix  C 
CONVERSION  FACTORS 


Heat  Content 

Crude  Oil 

5.80  mmBTU/BBL 

Gasoline 

5.25  mmBTU/BBL 

Distillate  fuel 

oil 

5.83  mmBTU/BBL 

Residual  fuel 

oil 

6.29  mmBTU/BBL 

Natural  Gas 

1.02  mmBTU/MCF 

Propane 

3.84  mmBTU/BBL 

Low  sulfur  coal 

24-26.5  mmBTU/short  ton 

Wood 

about  20  mmBTU/cord 

Electricity 

3,412  BTU/kilowatthour 
Weight/Volume 

Oil 

1  barrel  =  42  gallons 

Natural  Gas 

1  therm  =  .098  MCF  =  100,000  BTU 

Coal 

1  short  ton  =  2,000  pounds 

Wood 

1  cord  =  about  3,500  pounds 

Constant  and  Current  Dollars 

To  convert  a  sum  from  constant  1975  dollars  to  current  dollars, 
multiply  the  sum  in  1975  dollars  by  the  inflation  index  given  be- 
low for  the  year  in  question.  To  convert  from  current  dollars  in  a 
given  year  to  constant  1975  dollars,  divide  the  sum  in  current  dol- 
lars by  the  inflation  index  for  that  year. 

Inflation  Index 


1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 


1.00 
1.06 
1.13 
1.21 
1.35 
1.53 
1.69 
1.80 


1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 


1.85 
1.93 
1.99 
2.02 
2.14 
2.26 
2.38 
2.52 


1991 
1992 
1993 
1994 
1995 
1996 
1997 


2.67 
2.83 
3.00 
3.19 
3.38 
3.58 
3.80 
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